




ɉȿɊɂɈȾɂɑɇɈɋɌɖ 4 ȼɕɉɍɋɄȺ ȼ ȽɈȾ № 2 (67) ɢɸɧɶ 2022 

Ɋɟɞɚɤɰɢɨɧɧɵɣ ɫɨɜɟɬ 

ɉɪɟɞɫɟɞɚɬɟɥɶ ɫɨɜɟɬɚ ─ ɝɥɚɜɧɵɣ ɪɟɞɚɤɬɨɪ 

Ʉɚɛɥɨɜ ȿ.ɇ. ɚɤɚɞɟɦɢɤ ɊАɇ, ɩɪɨɮɟɫɫɨɪ  
 

Ɂɚɦɟɫɬɢɬɟɥɶ ɩɪɟɞɫɟɞɚɬɟɥɹ ɫɨɜɟɬɚ ─  
ɡɚɦɟɫɬɢɬɟɥɶ ɝɥɚɜɧɨɝɨ ɪɟɞɚɤɬɨɪɚ 

Ⱥɧɬɢɩɨɜ ȼ.ȼ. ɞɨɤɬ. ɬɟɯɧ. ɧɚɭɤ (ɇИɐ «Ʉɭɪɱɚɬɨɜɫɤɢɣ 
ɢɧɫɬɢɬɭɬ» – ВИАɆ) 

ɑɥɟɧɵ ɫɨɜɟɬɚ: 
Ȼɟɪɥɢɧ Ⱥ.Ⱥ. ɚɤɚɞɟɦɢɤ ɊАɇ, ɩɪɨɮɟɫɫɨɪ  

(ИɏɎ ɢɦ. ɇ.ɇ. ɋɟɦɟɧɨɜɚ ɊАɇ) 
Ƚɚɛɞɭɥɥɢɧ Ɇ.Ɍ. ɤɚɧɞ. ɮɢɡ.-ɦɚɬ. ɧɚɭɤ (Ʉɚɡɚɯɫɤɢɣ  

ɧɚɰɢɨɧɚɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦ. ɚɥɶ-Ɏɚɪɚɛɢ) 
Ƚɪɟɱɧɢɤɨɜ Ɏ.ȼ. ɚɤɚɞɟɦɢɤ ɊАɇ, ɩɪɨɮɟɫɫɨɪ (ɋɚɦɚɪɫɤɢɣ 

ɭɧɢɜɟɪɫɢɬɟɬ) 
ȿɩɢɲɢɧ Ⱥ.ɂ. ɞɨɤɬ. ɮɢɡ.-ɦɚɬ. ɧɚɭɤ (ИɋɆАɇ ɊАɇ) 
Ʉɪɚɫɨɜɫɤɢɣ Ⱥ.Ʌ. ɤɚɧɞ. ɯɢɦ. ɧɚɭɤ (Dow Chemical Company) 

Ʉɭɥɶɤɨɜ Ⱥ.Ⱥ. ɞɨɤɬ. ɬɟɯɧ. ɧɚɭɤ, ɩɪɨɮɟɫɫɨɪ (ɐɇИИɋɆ) 

Ʌɨɦɛɟɪɝ Ȼ.ɋ. ɞɨɤɬ. ɬɟɯɧ. ɧɚɭɤ (ɇИɐ «Ʉɭɪɱɚɬɨɜɫɤɢɣ 
ɢɧɫɬɢɬɭɬ» – ВИАɆ) 

Ɇɚɪɤɨɜɰɟɜ ȼ.Ⱥ. ɞɨɤɬ. ɬɟɯɧ. ɧɚɭɤ (ɍɥɶɹɧɨɜɫɤɢɣ ɇИАɌ) 

ɉɨɫɬɧɨɜ ȼ.ɂ. ɞɨɤɬ. ɬɟɯɧ. ɧɚɭɤ (ɇИɐ «Ʉɭɪɱɚɬɨɜɫɤɢɣ 
ɢɧɫɬɢɬɭɬ» – ВИАɆ ) 

ɋɥɚɜɢɧ Ⱥ.ȼ. ɞɨɤɬ. ɬɟɯɧ. ɧɚɭɤ (ɇИɐ «Ʉɭɪɱɚɬɨɜɫɤɢɣ 
ɢɧɫɬɢɬɭɬ» – ВИАɆ) 

ɒɦɨɬɢɧ ɘ.ɇ. ɞɨɤɬ. ɬɟɯɧ. ɧɚɭɤ (АɈ «ɈȾɄ») 

Ʉɨɥɨɦɢɟɰ ɘ.ȼ. ɨɬɜɟɬɫɬɜɟɧɧɵɣ ɫɟɤɪɟɬɚɪɶ  
(ɇИɐ «Ʉɭɪɱɚɬɨɜɫɤɢɣ ɢɧɫɬɢɬɭɬ» – ВИАɆ) 

ɍɱɪɟɞɢɬɟɥɶ ɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɢɡɞɚɧɢɹ  
ɇИɐ «Ʉɭɪɱɚɬɨɜɫɤɢɣ ɢɧɫɬɢɬɭɬ» – ВИАɆ  

ɀɭɪɧɚɥ ɜɤɥɸɱɟɧ ɜ ɉɟɪɟɱɟɧɶ ɜɟɞɭɳɢɯ ɪɟɰɟɧɡɢɪɭɟɦɵɯ ɧɚɭɱɧɵɯ ɠɭɪɧɚɥɨɜ ɢ ɢɡɞɚɧɢɣ, 
ɜ ɤɨɬɨɪɵɯ ɞɨɥɠɧɵ ɛɵɬɶ ɨɩɭɛɥɢɤɨɜɚɧɵ ɨɫɧɨɜɧɵɟ ɧɚɭɱɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɞɢɫɫɟɪɬɚɰɢɣ 
ɧɚ ɫɨɢɫɤɚɧɢɟ ɭɱɟɧɵɯ ɫɬɟɩɟɧɟɣ ɞɨɤɬɨɪɚ ɢ ɤɚɧɞɢɞɚɬɚ ɧɚɭɤ, ɧɚɭɤɨɦɟɬɪɢɱɟɫɤɭɸ ɛɚɡɭ 
ɊИɇɐ (Ɋɨɫɫɢɣɫɤɢɣ ɢɧɞɟɤɫ ɧɚɭɱɧɨɝɨ ɰɢɬɢɪɨɜɚɧɢɹ), ɪɟɮɟɪɚɬɢɜɧɨ-ɢɧɮɨɪɦɚɰɢɨɧɧɭɸ 
ɛɚɡɭ RSCI (Russian Science Citation Index ɧɚ ɩɥɚɬɮɨɪɦɟ Web of Science).  ɀɭɪɧɚɥ 
ɜɯɨɞɢɬ ɜ Ɇɟɠɞɭɧɚɪɨɞɧɭɸ ɚɫɫɨɰɢɚɰɢɸ ɢɡɞɚɬɟɥɟɣ (PILA – Publishers International 
Linking Association) ɢ ɭɱɚɫɬɜɭɟɬ ɜ ɩɪɨɟɤɬɟ CrossRef. Вɫɟɦ ɫɬɚɬɶɹɦ, ɩɭɛɥɢɤɭɟɦɵɦ  
ɜ ɠɭɪɧɚɥɟ, ɩɪɢɫɜɚɢɜɚɸɬɫɹ ɢɧɞɟɤɫɵ DOI (Digital Object Identifier). 
ɉɨɥɧɵɟ ɬɟɤɫɬɵ ɫɬɚɬɟɣ ɫ 2005 ɩɨ 2019 ɝɨɞ ɧɚɯɨɞɹɬɫɹ ɜ ɨɬɤɪɵɬɨɦ ɞɨɫɬɭɩɟ  
ɧɚ ɨɮɢɰɢɚɥɶɧɨɦ ɫɚɣɬɟ ɠɭɪɧɚɥɚ www.journal.viam.ru ɜ ɪɚɡɞɟɥɟ «Аɪɯɢɜ ɠɭɪɧɚɥɚ».  
ɉɨɥɧɵɟ ɬɟɤɫɬɵ ɫɬɚɬɟɣ ɠɭɪɧɚɥɚ ɬɟɤɭɳɟɝɨ ɝɨɞɚ ɞɨɫɬɭɩɧɵ ɩɪɢ ɨɮɨɪɦɥɟɧɢɢ ɤɨɦɦɟɪɱɟ-
ɫɤɨɝɨ ɞɨɫɬɭɩɚ ɤ ɢɡɞɚɧɢɸ. 
ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɦɚɬɟɪɢɚɥɨɜ ɜ ɥɸɛɨɣ ɮɨɪɦɟ ɫɫɵɥɤɚ ɧɚ ɠɭɪɧɚɥ «Аɜɢɚɰɢɨɧɧɵɟ 
ɦɚɬɟɪɢɚɥɵ ɢ ɬɟɯɧɨɥɨɝɢɢ» ɨɛɹɡɚɬɟɥɶɧɚ. 
ȼ ɫɜɟɞɟɧɢɹɯ ɨɛ ɚɜɬɨɪɚɯ ɭɤɚɡɵɜɚɸɬɫɹ ɞɚɧɧɵɟ, ɚɤɬɭɚɥɶɧɵɟ ɧɚ ɦɨɦɟɧɬ ɩɪɟɞɨ-
ɫɬɚɜɥɟɧɢɹ ɪɭɤɨɩɢɫɢ ɜ ɪɟɞɚɤɰɢɸ. 

©  ɇИɐ «Ʉɭɪɱɚɬɨɜɫɤɢɣ ɢɧɫɬɢɬɭɬ» – ВИАɆ, 2022 

Ⱥɞɪɟɫ ɪɟɞɚɤɰɢɢ: 
Ɋɨɫɫɢɹ, 105005, ɝ. Ɇɨɫɤɜɚ, ɭɥ. Ɋɚɞɢɨ, ɞ. 17 

Tɟɥ.: +7 (499) 263-87-37;  +7 (499) 263-87-18; ɮɚɤɫ: +7 (499) 267-86-09 

Эɥ. ɩɨɱɬɚ: journal@viam.ru; ɫɚɣɬ: www.journal.viam.ru 

ɋɜɢɞɟɬɟɥɶɫɬɜɨ ɨ ɪɟɝɢɫɬɪɚɰɢɢ ɫɪɟɞɫɬɜɚ ɦɚɫɫɨɜɨɣ ɢɧɮɨɪɦɚɰɢɢ:  
Эɥ № Ɏɋ77-79717 ɨɬ 07.12.2020  

ɂɡɞɚɬɟɥɶ: 
ɇИɐ  «Ʉɭɪɱɚɬɨɜɫɤɢɣ ɢɧɫɬɢɬɭɬ» – ВИАɆ 

 

105005, ɝ. Ɇɨɫɤɜɚ, ɭɥ. Ɋɚɞɢɨ, ɞ. 17 

Tɟɥ.: +7 (499) 261-86-77; ɮɚɤɫ: +7 (499) 267-86-09 

Эɥ. ɩɨɱɬɚ: admin@viam.ru; ɫɚɣɬ: www.viam.ru 

ɂɁȾȺȿɌɋə ɋ 2000 ȽɈȾȺ 

Ʉ 90-ɥɟɬɢɸ ɇɂɐ «Ʉɭɪɱɚɬɨɜɫɤɢɣ ɢɧɫɬɢɬɭɬ» – ȼɂȺɆ 

 

ɀɚɪɨɩɪɨɱɧɵɟ ɫɩɥɚɜɵ ɢ ɫɬɚɥɢ  
 

Ȼɚɡɵɥɟɜɚ Ɉ.Ⱥ., Ⱥɪɝɢɧɛɚɟɜɚ ɗ.Ƚ., Ʌɭɰɤɚɹ ɋ.Ⱥ., 
Ⱦɦɢɬɪɢɟɜ ɇ.ɋ. Ʌɢɬɟɣɧɵɣ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɵɣ ɫɩɥɚɜ 
ɧɚ ɨɫɧɨɜɟ ɫɨɟɞɢɧɟɧɢɹ Ni3Al ɞɥɹ ɬɭɪɛɢɧɧɵɯ ɥɨɩɚɬɨɤ 
ɝɚɡɨɬɭɪɛɢɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ 

ɇɟɪɭɲ ɋ.ȼ., ɋɜɢɪɢɞɨɜ Ⱥ.ȼ., Ⱥɮɚɧɚɫɶɟɜ-Хɨɞɵ- 

ɤɢɧ Ⱥ.ɇ., Ƚɚɥɭɲɤɚ ɂ.Ⱥ., Ɍɚɪɚɫɨɜ ɋ.Ⱥ. Ɋɚɡɪɚɛɨɬɤɚ 
ɬɟɯɧɨɥɨɝɢɢ ɩɚɣɤɢ ɞɟɬɚɥɟɣ, ɩɨɥɭɱɟɧɧɵɯ ɚɞɞɢɬɢɜɧɵɦɢ 
ɬɟɯɧɨɥɨɝɢɹɦɢ, ɢɡ ɦɟɬɚɥɥɨɩɨɪɨɲɤɨɜɨɣ ɤɨɦɩɨɡɢɰɢɢ ɧɚ 
ɨɫɧɨɜɟ ɤɨɛɚɥɶɬɚ 

Ʉɚɩɥɚɧɫɤɢɣ ɘ.ɘ., Ɇɚɡɚɥɨɜ ɉ.Ȼ. Ɇɢɪɨɜɵɟ ɬɟɧɞɟɧɰɢɢ 
ɪɚɡɜɢɬɢɹ ɬɭɝɨɩɥɚɜɤɢɯ ɜɵɫɨɤɨɷɧɬɪɨɩɢɣɧɵɯ ɫɩɥɚɜɨɜ ɞɥɹ 
ɬɟɩɥɨɧɚɝɪɭɠɟɧɧɵɯ ɭɡɥɨɜ ɚɷɪɨɤɨɫɦɢɱɟɫɤɨɣ ɬɟɯɧɢɤɢ  (ɨɛɡɨɪ) 
Ɇɨɜɟɧɤɨ Ⱦ.Ⱥ., ɒɭɪɬɚɤɨɜ ɋ.ȼ. ɉɪɢɱɢɧɵ ɨɛɪɚɡɨɜɚɧɢɹ 
ɦɢɤɪɨɬɪɟɳɢɧ ɢ ɫɧɢɠɟɧɢɟ ɩɥɨɬɧɨɫɬɢ ɢɯ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 
ɜ ɢɡɞɟɥɢɹɯ ɢɡ ɧɢɤɟɥɟɜɵɯ ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ, ɢɡɝɨ-
ɬɨɜɥɟɧɧɵɯ ɦɟɬɨɞɨɦ ɋɅɋ (ɨɛɡɨɪ) 
 

Ʌɟɝɤɢɟ ɫɩɥɚɜɵ  
 

Ʉɪɨɯɢɧɚ ȼ.Ⱥ., ɉɭɬɵɪɫɤɢɣ ɋ.ȼ., Ƚɪɢɛɤɨɜ Ɇ.ɋ. Иɫɫɥɟ-
ɞɨɜɚɧɢɟ ɫɬɪɭɤɬɭɪɵ ɢ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɫɜɚɪɧɵɯ 
ɫɨɟɞɢɧɟɧɢɣ ɢɡ ɬɢɬɚɧɨɜɨɝɨ ɫɩɥɚɜɚ ВɌ22Ɇ  
 

ɉɨɥɢɦɟɪɧɵɟ ɦɚɬɟɪɢɚɥɵ 

 

Ƚɭɫɟɜɚ Ɇ.Ⱥ., ɋɢɧɹɤɨɜ ɋ.Ⱦ., Ⱦɨɥɝɨɜɚ ȿ.ȼ., ɉɨɧɨɦɚ-
ɪɟɧɤɨ ɋ.Ⱥ. Иɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢɹɧɢɹ ɫɜɨɣɫɬɜ ɮɟɧɨɥ-
ɮɨɪɦɚɥɶɞɟɝɢɞɧɨɣ ɫɦɨɥɵ ɢ ɪɟɠɢɦɚ ɨɬɜɟɪɠɞɟɧɢɹ ɧɚ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɜɹɡɭɸɳɟɝɨ Ɏɇ 

 

Ʉɨɦɩɨɡɢɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ  
 

ȼɨɪɨɧɨɜ ȼ.Ⱥ., ɑɚɣɧɢɤɨɜɚ Ⱥ.ɋ., Ʌɟɛɟɞɟɜɚ ɘ.ȿ., 
ɀɢɬɧɸɤ ɋ.ȼ. ɉɨɥɭɱɟɧɢɟ, ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ  
ɢ ɬɪɢɛɨɬɟɯɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɝɨɪɹɱɟɩɪɟɫɫɨɜɚɧɧɨɝɨ  
ɭɝɥɟɪɨɞ-ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ 
ɧɚ ɨɫɧɨɜɟ ɤɚɪɛɢɞɚ ɤɪɟɦɧɢɹ 

Ⱦɜɨɪɟɰɤɚɹ ȿ.ȼ., Ʉɨɪɨɥɟɜ Ⱦ.ȼ., ɉɢɫɤɨɪɫɤɢɣ ȼ.ɉ., 
ȼɚɥɟɟɜ Ɋ.Ⱥ., Ʉɨɩɥɚɤ Ɉ.ȼ., Ɇɨɪɝɭɧɨɜ Ɋ.Ȼ. Ɇɚɝɧɟɬɪɨɧ-
ɧɨɟ ɧɚɩɵɥɟɧɢɟ ɨɛɨɥɨɱɤɢ ɠɟɥɟɡɚ ɢ ɦɢɤɪɨɜɤɥɸɱɟɧɢɹ ɜ 
ɦɢɤɪɨɩɪɨɜɨɞɚɯ PrDyFeCoB 

Ƚɚɪɚɳɟɧɤɨ Ⱥ.ɇ., Ʉɭɥɶɤɨɜ Ⱥ.Ⱥ., ɋɬɪɚɯɨɜ ȼ.Ʌ. Вɥɢɹɧɢɟ 
ɫɪɨɤɚ ɷɤɫɩɥɭɚɬɚɰɢɢ ɧɚ ɨɝɧɟɡɚɳɢɬɧɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 
ɜɫɩɭɱɢɜɚɸɳɢɯɫɹ ɩɨɤɪɵɬɢɣ ɢ ɨɝɧɟɫɬɨɣɤɨɫɬɶ ɤɨɧɫɬɪɭɤɰɢɣ 

Ɇɚɪɚɯɨɜɫɤɢɣ ɉ.ɋ., Ȼɚɪɢɧɨɜ Ⱦ.ə., ɒɨɪɫɬɨɜ ɋ.ɘ., 
ȼɨɪɨɛɶɟɜ ɇ.ɇ. Вɨɩɪɨɫ ɫɨɡɞɚɧɢɹ ɮɢɡɢɱɟɫɤɢɯ ɢ ɦɚɬɟɦɚ-
ɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɬɟɩɥɨ- ɢ ɦɚɫɫɨɩɟɪɟɧɨɫɚ ɩɪɢ ɢɡɝɨɬɨɜ-
ɥɟɧɢɢ ɞɟɬɚɥɟɣ ɦɟɬɨɞɨɦ ɚɞɞɢɬɢɜɧɵɯ ɬɟɯɧɨɥɨɝɢɣ (ɨɛɡɨɪ)  
 

Ɂɚɳɢɬɧɵɟ ɢ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɩɨɤɪɵɬɢɹ  
 

Ɇɟɪɤɭɥɨɜɚ ɘ.ɂ., Ʉɭɪɲɟɜ ȿ.ȼ., ȼɞɨɜɢɧ Ⱥ.ɂ., Ⱥɧɞɪɟ-
ɟɜɚ ɇ.ɉ. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɧɵɟ ɢ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɟ ɢɫ-
ɫɥɟɞɨɜɚɧɢɹ ɥɚɤɨɤɪɚɫɨɱɧɵɯ ɩɨɤɪɵɬɢɣ ɜ ɭɫɥɨɜɢɹɯ 
ɧɚɬɭɪɧɵɯ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɢɫɩɵɬɚɧɢɣ ɬɪɨɩɢɱɟɫɤɨɝɨ ɤɥɢ-
ɦɚɬɚ ɋɟɜɟɪɧɨɣ Аɦɟɪɢɤɢ 

 

ɂɫɩɵɬɚɧɢɹ ɦɚɬɟɪɢɚɥɨɜ  
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Уɜаɠаɟɦыɟ ɤоɥɥɟɝи! 
 

ȼ 2022 ɝɨɞɭ ȼɫɟɪɨɫɫɢɣɫɤɢɣ (ɪɚɧɟɟ – ȼɫɟɫɨɸɡɧɵɣ) ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɢɧɫɬɢɬɭɬ ɚɜɢɚɰɢɨɧ-
ɧɵɯ ɦɚɬɟɪɢɚɥɨɜ (ɧɵɧɟ – ɇɂЦ «Ʉɭɪɱɚɬɨɜɫɤɢɣ ɢɧɫɬɢɬɭɬ» – ȼɂȺɆ) ɨɬɦɟɱɚɟɬ ɫɥɚɜɧɵɣ ɸɛɢɥɟɣ – 90 ɥɟɬ ɫɨ 
ɞɧɹ ɨɫɧɨɜɚɧɢɹ. ɋɬɪɚɧɢɰɵ ɢɫɬɨɪɢɢ ȼɂȺɆ ɧɚɩɨɥɧɟɧɵ ɫɚɦɨɨɬɜɟɪɠɟɧɧɨɣ ɪɚɛɨɬɨɣ ɢ ɫɜɟɪɲɟɧɢɹɦɢ ɧɚ ɛɥɚɝɨ 
ɧɚɲɟɣ ɫɬɪɚɧɵ, ɩɚɦɹɬɧɵɦɢ ɞɚɬɚɦɢ, ɧɚɭɱɧɵɦɢ ɞɨɫɬɢɠɟɧɢɹɦɢ, ɨɩɪɟɞɟɥɢɜɲɢɦɢ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɢɣ  
ɩɪɨɝɪɟɫɫ. ȼɟɞɶ ɢɦɟɧɧɨ ɛɥɚɝɨɞɚɪɹ ɩɪɢɦɟɧɟɧɢɸ ɤɨɧɫɬɪɭɤɬɨɪɚɦɢ ɦɚɬɟɪɢɚɥɨɜ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ ɢ ɫɨɜɪɟ-
ɦɟɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɭɞɚɟɬɫɹ ɪɟɚɥɢɡɨɜɚɬɶ ɭɧɢɤɚɥɶɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɩɪɨɪɵɜɧɵɟ ɩɪɨɟɤɬɵ ɜ ɪɚɡɥɢɱɧɵɯ 
ɨɬɪɚɫɥɹɯ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. Ɇɵ ɝɨɪɞɢɦɫɹ ɬɟɦ, ɱɬɨ 95 % ɜɫɟɯ ɦɚɬɟɪɢɚɥɨɜ, ɤɨɬɨɪɵɟ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɩɪɢ 
ɫɨɡɞɚɧɢɢ ɫɨɜɟɬɫɤɨɣ ɚɜɢɚɰɢɨɧɧɨɣ, ɪɚɤɟɬɧɨɣ, ɤɨɫɦɢɱɟɫɤɨɣ ɬɟɯɧɢɤɢ, – ɷɬɨ ɦɚɬɟɪɢɚɥɵ ȼɂȺɆ. 

ȼ ɫɨɡɞɚɧɢɢ ɧɚɲɟɝɨ ɢɧɫɬɢɬɭɬɚ ɩɪɢɧɢɦɚɥɢ ɭɱɚɫɬɢɟ ɜɵɞɚɸɳɢɟɫɹ ɫɨɜɟɬɫɤɢɟ ɭɱɟɧɵɟ, ɤɨɧɫɬɪɭɤɬɨ-
ɪɵ, ɤɨɬɨɪɵɟ ɩɨɧɢɦɚɥɢ, ɱɬɨ ɢɦɟɧɧɨ ɦɚɬɟɪɢɚɥ ɨɩɪɟɞɟɥɹɟɬ ɨɛɥɢɤ ɢɡɞɟɥɢɹ, ɟɝɨ ɦɚɫɫɭ, ɩɪɨɱɧɨɫɬɶ ɢ ɞɪɭ-
ɝɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɩɨɡɜɨɥɹɸɳɢɟ ɜɨɩɥɨɬɢɬɶ ɡɚɦɵɫɟɥ ɪɚɡɪɚɛɨɬɱɢɤɚ. ɉɪɢ ɷɬɨɦ ɫɭɳɟɫɬɜɭɟɬ ɨɫɧɨɜɧɨɟ 
ɬɪɟɛɨɜɚɧɢɟ: ɦɚɬɟɪɢɚɥ ɞɥɹ ɚɜɢɚɰɢɨɧɧɨɣ ɬɟɯɧɢɤɢ ɞɨɥɠɟɧ ɛɵɬɶ ɥɟɝɤɢɦ, ɧɨ ɜ ɬɨ ɠɟ ɜɪɟɦɹ ɨɱɟɧɶ ɩɪɨɱ-
ɧɵɦ. ɋɨɛɫɬɜɟɧɧɨ ɧɚɞ ɷɬɢɦɢ ɦɚɬɟɪɢɚɥɨɜɟɞɱɟɫɤɢɦɢ ɡɚɞɚɱɚɦɢ ɤɨɥɥɟɤɬɢɜ ɭɫɩɟɲɧɨ ɪɚɛɨɬɚɟɬ ɫ ɩɟɪɜɵɯ 
ɞɧɟɣ ɨɫɧɨɜɚɧɢɹ – ɩɪɢɤɚɡɨɦ ɧɚɪɤɨɦɚ ɬɹɠɟɥɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɋɋɋɊ Ƚ.Ʉ. Ɉɪɞɠɨɧɢɤɢɞɡɟ  
ȼɂȺɆ ɫɨɡɞɚɧ 28 ɢɸɧɹ 1932 ɝɨɞɚ ɜ ɫɨɫɬɚɜɟ Ƚɥɚɜɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɚɜɢɚɰɢɨɧɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. 

ɋ ɢɦɟɧɟɦ ɢɧɫɬɢɬɭɬɚ ɫɜɹɡɚɧɨ ɡɚɪɨɠɞɟɧɢɟ ɢ ɫɬɚɧɨɜɥɟɧɢɟ ɨɬɟɱɟɫɬɜɟɧɧɨɝɨ ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɹ – 
ɧɚɭɤɢ, ɩɪɟɞɫɬɚɜɥɹɸɳɟɣ ɫɨɛɨɣ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɟ ɢ ɩɪɢɤɥɚɞɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɞɥɹ ɪɟɲɟɧɢɹ  
ɦɚɬɟɪɢɚɥɨɜɟɞɱɟɫɤɢɯ ɡɚɞɚɱ ɜ ɚɜɢɚ- ɢ ɦɚɲɢɧɨɫɬɪɨɟɧɢɢ, ɤɨɫɦɢɱɟɫɤɨɣ ɨɬɪɚɫɥɢ, ɷɧɟɪɝɟɬɢɤɟ, ɫɬɪɨɢɬɟɥɶ-
ɫɬɜɟ, ɦɟɞɢɰɢɧɟ ɢ ɞɪɭɝɢɯ ɨɬɪɚɫɥɹɯ ɷɤɨɧɨɦɢɤɢ. Ɋɚɡɪɚɛɨɬɤɢ ɭɱɟɧɵɯ ȼɂȺɆ ɫɬɚɥɢ ɜɟɫɨɦɵɦ ɜɤɥɚɞɨɦ ɜ 
ɉɨɛɟɞɭ ɧɚɲɟɝɨ ɧɚɪɨɞɚ ɜ ȼɟɥɢɤɨɣ Ɉɬɟɱɟɫɬɜɟɧɧɨɣ ɜɨɣɧɟ, ɜ 1945 ɝɨɞɭ ɢɧɫɬɢɬɭɬ ɛɵɥ ɧɚɝɪɚɠɞɟɧ ɨɪɞɟ-
ɧɨɦ Ʌɟɧɢɧɚ. ȼɢɚɦɨɜɰɵ ɩɪɢɧɢɦɚɥɢ ɚɤɬɢɜɧɨɟ ɭɱɚɫɬɢɟ ɜ ɫɨɡɞɚɧɢɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɦɨɳɢ ɋɨɜɟɬɫɤɨɝɨ 
ɋɨɸɡɚ – ɛɵɥɢ ɪɚɡɪɚɛɨɬɚɧɵ ɦɚɬɟɪɢɚɥɵ ɞɥɹ ɤɨɫɦɨɫɚ ɢ ɪɟɚɥɢɡɚɰɢɢ ɚɬɨɦɧɨɝɨ ɩɪɨɟɤɬɚ.  

ȼ ɫɬɟɧɚɯ ȼɂȺɆ ɪɚɛɨɬɚɥɢ ɜɵɞɚɸɳɢɟɫɹ ɭɱɟɧɵɟ – ɂ.ɂ. ɋɢɞɨɪɢɧ, Ƚ.ȼ. Ⱥɤɢɦɨɜ, Ⱥ.Ɍ. Ɍɭɦɚɧɨɜ, 
ɋ.Ɍ. Ʉɢɲɤɢɧ, ɇ.Ɇ. ɋɤɥɹɪɨɜ, ə.Ⱦ. Ⱥɜɪɚɫɢɧ, ɂ.ɇ. Ɏɪɢɞɥɹɧɞɟɪ ɢ ɦɧɨɝɢɟ ɞɪɭɝɢɟ. ɋɩɟɰɢɚɥɢɫɬɚɦɢ ɢɧɫɬɢɬɭɬɚ 
ɛɵɥɢ ɫɨɡɞɚɧɵ ɧɨɜɵɟ ɚɥɸɦɢɧɢɟɜɵɟ ɫɩɥɚɜɵ, ɜɵɫɨɤɨɩɪɨɱɧɵɟ ɫɩɥɚɜɵ ɢ ɫɬɚɥɢ, ɪɚɡɪɚɛɨɬɚɧɵ ɩɟɪɜɵɟ ɦɟɬɨ-
ɞɵ ɧɟɪɚɡɪɭɲɚɸɳɟɝɨ ɤɨɧɬɪɨɥɹ – ɜɫɟ ɷɬɨ ɢɦɟɥɨ ɨɩɪɟɞɟɥɹɸɳɟɟ ɡɧɚɱɟɧɢɟ ɞɥɹ ɪɚɡɜɢɬɢɹ ɨɬɟɱɟɫɬɜɟɧɧɨɝɨ 
ɚɜɢɚɩɪɨɦɚ.  

ɋɟɝɨɞɧɹ ɇɂЦ «Ʉɭɪɱɚɬɨɜɫɤɢɣ ɢɧɫɬɢɬɭɬ» – ȼɂȺɆ ɹɜɥɹɟɬɫɹ ɤɪɭɩɧɟɣɲɢɦ ɰɟɧɬɪɨɦ ɦɚɬɟɪɢɚɥɨɜɟ-
ɞɟɧɢɹ ɜ Ɋɨɫɫɢɢ ɢ ɪɚɡɜɢɜɚɟɬ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɟ ɢ ɩɪɢɤɥɚɞɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜ ɨɛɥɚɫɬɢ ɦɟɬɚɥɥɨɜɟɞɟ-
ɧɢɹ ɢ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɢ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɚɞɞɢɬɢɜɧɵɯ ɬɟɯɧɨɥɨ-
ɝɢɣ, ɮɢɡɢɱɟɫɤɨɣ ɯɢɦɢɢ, ɯɢɦɢɣ ɩɨɥɢɦɟɪɨɜ, ɬɟɩɥɨɡɚɳɢɬɵ, ɤɨɪɪɨɡɢɢ, ɦɢɤɨɥɨɝɢɢ, ɬɟɨɪɢɢ ɩɪɨɱɧɨɫɬɢ ɢ 
ɧɚɞɟɠɧɨɫɬɢ, ɮɢɡɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɧɟɪɚɡɪɭɲɚɸɳɟɝɨ ɤɨɧɬɪɨɥɹ. ɉɪɨɜɨɞɹɬɫɹ ɤɨɦɩɥɟɤɫɧɵɟ ɢɫɫɥɟɞɨɜɚ-
ɧɢɹ ɤɥɢɦɚɬɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɢ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɜ ɭɫɥɨɜɢɹɯ ɜɨɡɞɟɣ-
ɫɬɜɢɹ ɜɧɟɲɧɢɯ ɮɚɤɬɨɪɨɜ ɢ ɜ ɨɠɢɞɚɟɦɵɯ ɭɫɥɨɜɢɹɯ ɷɤɫɩɥɭɚɬɚɰɢɢ.  

ɂɧɫɬɢɬɭɬɭ ɩɪɢɫɜɨɟɧ ɫɬɚɬɭɫ Ƚɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɧɚɭɱɧɨɝɨ ɰɟɧɬɪɚ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ, ɱɬɨ 
ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɟɝɨ ɨɫɨɛɨɦ, ɫɬɪɚɬɟɝɢɱɟɫɤɢ ɜɚɠɧɨɦ ɡɧɚɱɟɧɢɢ ɞɥɹ ɝɨɫɭɞɚɪɫɬɜɚ. Ȼɟɡɭɫɥɨɜɧɨ, ɷɬɨ 
ɡɚɫɥɭɝɚ ɜɫɟɯ ɫɨɬɪɭɞɧɢɤɨɜ ȼɂȺɆ ɢ ɟɝɨ ɮɢɥɢɚɥɨɜ – ɍɥɶɹɧɨɜɫɤɨɝɨ ɧɚɭɱɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɰɟɧɬɪɚ, 
ȼɨɫɤɪɟɫɟɧɫɤɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɰɟɧɬɪɚ ɩɨ ɫɩɟɰɢɚɥɶɧɵɦ ɦɚɬɟɪɢɚɥɚɦ, Ƚɟɥɟɧ-
ɞɠɢɤɫɤɨɝɨ ɰɟɧɬɪɚ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɢɫɩɵɬɚɧɢɣ ɢɦɟɧɢ Ƚ.ȼ. Ⱥɤɢɦɨɜɚ. ȿɠɟɞɧɟɜɧɨ ɤɨɥɥɟɤɬɢɜ ɢɧɫɬɢɬɭɬɚ 
ɪɟɲɚɟɬ ɡɚɞɚɱɢ ɩɨ ɪɚɡɪɚɛɨɬɤɟ ɦɚɬɟɪɢɚɥɨɜ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɢɯ ɩɪɨɢɡ-
ɜɨɞɫɬɜɚ, ɨɬɪɚɛɚɬɵɜɚɟɬ ɫɩɨɫɨɛɵ ɢ ɫɪɟɞɫɬɜɚ ɡɚɳɢɬɵ ɦɚɬɟɪɢɚɥɨɜ ɨɬ ɤɨɪɪɨɡɢɢ, ɫɬɚɪɟɧɢɹ ɢ ɛɢɨɩɨɜɪɟ-
ɠɞɟɧɢɣ. Ɂɚ ɛɨɥɶɲɨɣ ɜɤɥɚɞ ɜ ɪɚɡɪɚɛɨɬɤɭ ɦɚɬɟɪɢɚɥɨɜ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ ɢ ɬɟɯɧɨɥɨɝɢɣ ɢɯ ɩɟɪɟɪɚɛɨɬɤɢ 
ɞɥɹ ɚɜɢɚɰɢɨɧɧɨ-ɤɨɫɦɢɱɟɫɤɨɝɨ ɢ ɨɛɨɪɨɧɧɨ-ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɤɨɦɩɥɟɤɫɨɜ ɤɨɥɥɟɤɬɢɜɭ ȼɂȺɆ ɜ 2002, 
2007, 2012 ɢ 2017 ɝɨɞɚɯ ɛɵɥɚ ɨɛɴɹɜɥɟɧɚ ɛɥɚɝɨɞɚɪɧɨɫɬɶ ɉɪɟɡɢɞɟɧɬɚ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ. 

ɇɚ ɩɪɨɬɹɠɟɧɢɢ ɜɫɟɣ ɢɫɬɨɪɢɢ ɫɭɳɟɫɬɜɨɜɚɧɢɹ ȼɂȺɆ ɜɫɟɝɞɚ ɨɬɥɢɱɚɥ ɫɢɫɬɟɦɧɵɣ ɩɨɞɯɨɞ  
ɤ ɪɟɲɟɧɢɸ ɫɚɦɵɯ ɫɥɨɠɧɵɯ ɡɚɞɚɱ, ɤɨɬɨɪɵɟ ɫɬɚɜɢɥɨ ɩɟɪɟɞ ɢɧɫɬɢɬɭɬɨɦ ɪɭɤɨɜɨɞɫɬɜɨ ɫɬɪɚɧɵ. ɇɚɲɚ  
ɞɟɹɬɟɥɶɧɨɫɬɶ – ɷɬɨ ɦɚɫɲɬɚɛɧɚɹ ɪɚɛɨɬɚ ɜ ɰɟɥɹɯ ɪɚɡɜɢɬɢɹ ɨɬɟɱɟɫɬɜɟɧɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɢ ɭɤɪɟɩ-
ɥɟɧɢɹ ɨɛɨɪɨɧɨɫɩɨɫɨɛɧɨɫɬɢ ɝɨɫɭɞɚɪɫɬɜɚ.  

Ⱦɟɣɫɬɜɭɸɳɢɟ ɜ ȼɂȺɆ 25 ɦɚɥɨɬɨɧɧɚɠɧɵɯ ɜɵɫɨɤɨɬɟɯɧɨɥɨɝɢɱɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜ ɩɨɡɜɨɥɹɸɬ ɜɵ-
ɩɭɫɤɚɬɶ 253 ɧɚɢɦɟɧɨɜɚɧɢɹ ɩɪɨɞɭɤɰɢɢ ɢ ɬɟɦ ɫɚɦɵɦ ɪɟɲɚɬɶ ɡɚɞɚɱɢ ɤɚɤ ɨɬɟɱɟɫɬɜɟɧɧɨɝɨ ɈɉɄ, ɬɚɤ ɢ 
ɞɪɭɝɢɯ ɨɬɪɚɫɥɟɣ ɧɚɲɟɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɢɧɫɬɢɬɭɬ ɩɪɨɢɡɜɨɞɢɬ ɧɟ ɬɨɥɶɤɨ ɦɚɬɟɪɢɚɥɵ, ɧɨ 
ɢ ɜɵɫɨɤɨɬɟɯɧɨɥɨɝɢɱɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɜ ɤɨɨɩɟɪɚɰɢɢ ɫ ɨɬɟɱɟɫɬɜɟɧɧɵɦɢ ɩɚɪɬɧɟɪɚɦɢ: ɫɩɟɰɢɚɥɶɧɵɟ 
ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɟ ɜɚɤɭɭɦɧɵɟ ɩɥɚɜɢɥɶɧɨ-ɡɚɥɢɜɨɱɧɵɟ, ɜɚɤɭɭɦɧɨ-ɞɭɝɨɜɵɟ ɭɫɬɚɧɨɜɤɢ ɢ ɜɚɤɭɭɦɧɵɟ 
ɭɫɬɚɧɨɜɤɢ ɞɥɹ ɧɚɧɟɫɟɧɢɹ ɡɚɳɢɬɧɵɯ ɠɚɪɨɩɪɨɱɧɵɯ ɩɨɤɪɵɬɢɣ ɩɨ ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ. 

ȼ 2008 ɝɨɞɭ ȼ.ȼ. ɉɭɬɢɧ ɜ ɯɨɞɟ ɪɚɛɨɱɟɝɨ ɜɢɡɢɬɚ ɜ ȼɂȺɆ ɩɨɞɞɟɪɠɚɥ ɢɧɢɰɢɚɬɢɜɭ ɪɚɡɪɚɛɨɬɤɢ 
ɤɪɢɬɢɱɟɫɤɢɯ ɬɟɯɧɨɥɨɝɢɣ ɜ ɨɛɥɚɫɬɢ ɚɜɢɚɰɢɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɟɫɬɪɨɟɧɢɹ. ȼɚɠɧɵɦ ɲɚɝɨɦ ɫɬɚɥɨ ɬɨ, ɱɬɨ 
ɨɞɧɢɦ ɢɡ ɩɪɢɨɪɢɬɟɬɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɛɵɥ ɨɩɪɟɞɟɥɟɧ ɩɪɨɟɤɬ ɩɨ ɫɨɡɞɚɧɢɸ ɞɜɢɝɚɬɟɥɹ ɉȾ-14 ɞɥɹ ɫɚɦɨɥɟɬɚ 
Ɇɋ-21. ɉɪɢ ɪɚɡɪɚɛɨɬɤɟ ɷɬɨɝɨ ɞɜɢɝɚɬɟɥɹ ɭɞɚɥɨɫɶ ɩɨɥɭɱɢɬɶ ɤɚɱɟɫɬɜɟɧɧɨɟ ɢɡɦɟɧɟɧɢɟ ɨɫɧɨɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ 
ɟɝɨ ɪɚɛɨɱɟɝɨ ɪɟɠɢɦɚ, ɜ ɬɨɦ ɱɢɫɥɟ ɭɜɟɥɢɱɟɧɢɟ ɫɬɟɩɟɧɢ ɞɜɭɯɤɨɧɬɭɪɧɨɫɬɢ (ɜ ɞɜɚ ɪɚɡɚ), ɬɟɦɩɟɪɚɬɭɪɵ ɝɚɡɚ 
ɩɟɪɟɞ ɬɭɪɛɢɧɨɣ (ɧɚ 100 Ʉ), ɫɭɦɦɚɪɧɨɣ ɫɬɟɩɟɧɢ ɫɠɚɬɢɹ ɜ ɤɨɦɩɪɟɫɫɨɪɟ (ɧɚ 20 %), ɛɥɚɝɨɞɚɪɹ ɱɟɦɭ ɭɞɟɥɶ-
ɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɫɧɢɡɢɥɫɹ ɧɚ 12 %, ɚ ɷɤɨɧɨɦɢɱɧɨɫɬɶ ɪɚɛɨɬɵ ɞɜɢɝɚɬɟɥɹ ɢ ɫɨɨɬɜɟɬɫɬɜɢɟ ɷɤɨɥɨɝɢɱɟɫɤɢɦ 
ɩɚɪɚɦɟɬɪɚɦ ɡɧɚɱɢɬɟɥɶɧɨ ɩɨɜɵɫɢɥɢɫɶ. ɋɨɡɞɚɧɢɟ ɞɜɢɝɚɬɟɥɹ ɉȾ-14 ɫɬɚɥɨ ɜɨɡɦɨɠɧɵɦ ɛɥɚɝɨɞɚɪɹ ɩɪɢɦɟɧɟ-
ɧɢɸ 20 ɦɚɬɟɪɢɚɥɨɜ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ, ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɜ ȼɂȺɆ, ɢ ɛɨɥɟɟ 50 ɞɨɪɚɛɨɬɚɧɧɵɯ ɫɟɪɢɣɧɵɯ 
ɦɚɪɨɤ ɦɚɬɟɪɢɚɥɨɜ.  

ȼɩɟɪɜɵɟ ɜ ɨɬɟɱɟɫɬɜɟɧɧɨɣ ɢɧɠɟɧɟɪɧɨɣ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɩɪɚɤɬɢɤɟ ɫɤɨɧɫɬɪɭɢɪɨɜɚɧɚ ɢ ɢɡɝɨ-
ɬɨɜɥɟɧɚ ɦɨɬɨɝɨɧɞɨɥɚ ɉȾ-14 ɢɡ ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɩɨɥɢɦɟɪɧɵɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɤɨɬɨɪɵɟ 
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ɨɛɟɫɩɟɱɢɥɢ ɫɧɢɠɟɧɢɟ ɦɚɫɫɵ ɤɨɧɫɬɪɭɤɰɢɢ ɧɟ ɦɟɧɟɟ ɱɟɦ ɧɚ 20 % ɩɪɢ ɫɨɯɪɚɧɟɧɢɢ ɬɪɟɛɭɟɦɵɯ ɭɩɪɭɝɨ-
ɩɪɨɱɧɨɫɬɧɵɯ ɫɜɨɣɫɬɜ, ɜ ɬɨɦ ɱɢɫɥɟ ɜɵɫɨɤɢɯ ɭɞɚɪɧɨɣ ɜɹɡɤɨɫɬɢ ɢ ɫɬɨɣɤɨɫɬɢ ɤ ɤɥɢɦɚɬɢɱɟɫɤɢɦ ɮɚɤɬɨɪɚɦ. 

Ʉɪɨɦɟ ɬɨɝɨ, ɦɟɬɨɞɨɦ ɚɞɞɢɬɢɜɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɢɡ ɨɬɟɱɟɫɬɜɟɧɧɨɣ ɦɟɬɚɥɥɨɩɨɪɨɲɤɨɜɨɣ ɤɨɦɩɨɡɢɰɢɢ ɜ 
ȼɂȺɆ ɛɵɥɚ ɢɡɝɨɬɨɜɥɟɧɚ ɩɟɪɜɚɹ «ɛɨɟɜɚɹ» ɞɟɬɚɥɶ ɞɜɢɝɚɬɟɥɹ ɉȾ-14, ɩɨɥɧɨɫɬɶɸ ɨɬɜɟɱɚɸɳɚɹ ɬɪɟɛɨɜɚɧɢɹɦ 
ɤɨɧɫɬɪɭɤɬɨɪɫɤɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ, – ɡɚɜɢɯɪɢɬɟɥɶ ɮɪɨɧɬɨɜɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ. Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɣ 
ɰɢɤɥ ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɬɢɯ ɞɟɬɚɥɟɣ ɫɨɫɬɚɜɢɥ ɜɫɟɝɨ ɲɟɫɬɶ ɞɧɟɣ ɩɪɢ ɫɬɨɩɪɨɰɟɧɬɧɨɦ ɜɵɯɨɞɟ ɝɨɞɧɨɝɨ, ɬɨɝɞɚ ɤɚɤ 
ɬɪɚɞɢɰɢɨɧɧɵɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɰɢɤɥ – ɥɢɬɶɟ ɩɨ ɜɵɩɥɚɜɥɹɟɦɵɦ ɦɨɞɟɥɹɦ – ɫɨɫɬɚɜɥɹɟɬ 60 ɞɧɟɣ ɩɪɢ  
ɜɵɯɨɞɟ ɝɨɞɧɨɝɨ 40 %. ɉɪɢ ɷɬɨɦ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɬɪɭɞɚ ɛɵɥɚ ɭɜɟɥɢɱɟɧɚ ɜ 10 ɪɚɡ. 

ȼ ȼɂȺɆ ɫɨɡɞɚɧ ɩɟɪɜɵɣ ɢ ɟɞɢɧɫɬɜɟɧɧɵɣ ɜ ɧɚɲɟɣ ɫɬɪɚɧɟ ɩɨɥɧɵɣ (ɡɚɦɤɧɭɬɵɣ) ɰɢɤɥ ɚɞɞɢɬɢɜɧɨɝɨ 
ɩɪɨɢɡɜɨɞɫɬɜɚ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɚɞɞɢɬɢɜɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɚɤɬɢɜɧɨ ɩɪɢɦɟɧɹɸɬɫɹ ɧɚ ɪɚɡɥɢɱɧɵɯ ɩɪɨɢɡ-
ɜɨɞɫɬɜɚɯ ɢ ɭ ɧɚɫ ɜ ɫɬɪɚɧɟ, ɢ ɡɚ ɪɭɛɟɠɨɦ. Ɉɬɧɨɫɢɬɟɥɶɧɨ ɧɟɞɚɜɧɨ ɜ 3D-ɫɮɟɪɟ ɧɚɱɚɥɚɫɶ ɧɨɜɚɹ ɷɪɚ – ɩɟɱɚɬɶ 
ɢɡ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ. ɂɦɟɧɧɨ ɷɬɚ ɬɟɯɧɨɥɨɝɢɹ ɚɞɞɢɬɢɜɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɫɬɚɥɚ ɨɫɧɨɜɨɣ ɩɪɨɢɫ-
ɯɨɞɹɳɟɣ ɫɟɣɱɚɫ ɩɪɨɦɵɲɥɟɧɧɨɣ ɪɟɜɨɥɸɰɢɢ. ɋɩɟɰɢɚɥɢɫɬɵ ɢɧɫɬɢɬɭɬɚ ɫɬɚɥɢ ɩɟɪɜɨɩɪɨɯɨɞɰɚɦɢ ɜ ɷɬɨɣ ɨɛ-
ɥɚɫɬɢ: ɫ 2014 ɝɨɞɚ ɞɥɹ ɚɞɞɢɬɢɜɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɪɚɡɪɚɛɨɬɚɧ ɪɹɞ ɭɧɢɤɚɥɶɧɵɯ ɫɩɥɚɜɨɜ, ɢɦɟɸɳɢɯ ɧɟɨɫɩɨɪɢ-
ɦɵɟ ɩɪɟɢɦɭɳɟɫɬɜɚ ɩɟɪɟɞ ɡɚɪɭɛɟɠɧɵɦɢ ɦɚɬɟɪɢɚɥɚɦɢ. Ɂɚɜɟɪɲɟɧ ɜɵɜɨɞ ɧɚ ɪɵɧɨɤ ɛɨɥɟɟ 20 ɚɞɚɩɬɢɪɨɜɚɧ-
ɧɵɯ ɫɩɥɚɜɨɜ, ɤɨɬɨɪɵɟ ɯɨɪɨɲɨ ɡɧɚɤɨɦɵ ɤɨɧɫɬɪɭɤɬɨɪɫɤɢɦ ɛɸɪɨ ɢ ɫɟɪɢɣɧɵɦ ɡɚɜɨɞɚɦ.  

ɋɟɝɨɞɧɹ ɩɨ ɚɞɞɢɬɢɜɧɵɦ ɬɟɯɧɨɥɨɝɢɹɦ ɜ ɢɧɫɬɢɬɭɬɟ ɨɪɝɚɧɢɡɨɜɚɧɨ ɫɟɪɢɣɧɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ  
ɞɟɬɚɥɟɣ ɞɥɹ ɞɜɢɝɚɬɟɥɟɣ ɉȾ-14 ɢ Ɍȼ7-117ɋɌ, ɬɚɤɠɟ ɜɟɞɭɬɫɹ ɪɚɛɨɬɵ ɩɨ ɪɚɡɪɚɛɨɬɤɟ ɚɞɞɢɬɢɜɧɵɯ  
ɬɟɯɧɨɥɨɝɢɣ ɞɥɹ ɞɜɢɝɚɬɟɥɹ ɛɨɥɶɲɨɣ ɬɹɝɢ ɉȾ-35 ɢ ɜɟɪɬɨɥɟɬɧɵɯ ɞɜɢɝɚɬɟɥɟɣ ȼɄ-650ȼ ɢ ȼɄ-1600ȼ.  

Ʉɪɨɦɟ ɬɨɝɨ, ɜ ɛɟɫɩɪɟɰɟɞɟɧɬɧɨ ɤɨɪɨɬɤɢɟ ɫɪɨɤɢ ɜ ȼɂȺɆ ɪɚɡɪɚɛɨɬɚɥɢ ɩɹɬɶ ɧɨɜɵɯ ɥɢɬɟɣɧɵɯ ɠɚ-
ɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ ɞɥɹ ɚɜɢɚɰɢɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ ɉȾ-8. Эɬɨ ɫɨɜɪɟɦɟɧɧɵɣ ɞɜɭɯɤɨɧɬɭɪɧɵɣ ɬɭɪɛɨɜɟɧ-
ɬɢɥɹɬɨɪɧɵɣ ɞɜɢɝɚɬɟɥɶ, ɝɨɥɨɜɧɵɦ ɪɚɡɪɚɛɨɬɱɢɤɨɦ ɤɨɬɨɪɨɝɨ ɹɜɥɹɟɬɫɹ ɉȺɈ «ɈȾɄ-ɋɚɬɭɪɧ». ɇɟɨɫɩɨɪɢ-
ɦɵɦ ɩɪɟɢɦɭɳɟɫɬɜɨɦ ɧɨɜɨɝɨ ɞɜɢɝɚɬɟɥɹ ɩɟɪɟɞ ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɚɦɢ ɹɜɥɹɟɬɫɹ ɭɥɭɱɲɟɧɧɵɣ ɭɞɟɥɶɧɵɣ 
ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ, ɩɨɧɢɠɟɧɧɚɹ ɫɬɨɢɦɨɫɬɶ ɠɢɡɧɟɧɧɨɝɨ ɰɢɤɥɚ ɢ ɫɨɨɬɜɟɬɫɬɜɢɟ ɜɫɟɦ ɷɤɨɫɬɚɧɞɚɪɬɚɦ.  
ɋɟɪɢɣɧɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ ɧɨɜɵɯ ɫɩɥɚɜɨɜ ɨɪɝɚɧɢɡɨɜɚɧɨ ɧɚ ɦɨɳɧɨɫɬɹɯ ɜɵɫɨɤɨɬɟɯɧɨɥɨɝɢɱɧɨɝɨ ɧɚɭɱɧɨ-
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɇɂЦ «Ʉɭɪɱɚɬɨɜɫɤɢɣ ɢɧɫɬɢɬɭɬ» – ȼɂȺɆ. Ɋɚɡɪɚɛɨɬɚɧɧɵɟ ɦɚɬɟɪɢɚɥɵ 
ɩɪɟɜɨɫɯɨɞɹɬ ɩɨ ɭɪɨɜɧɸ ɦɟɯɚɧɢɱɟɫɤɢɯ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɫɜɨɣɫɬɜ ɡɚɪɭɛɟɠɧɵɟ ɫɩɥɚɜɵ-ɚɧɚɥɨɝɢ.  

ȼɟɞɟɬɫɹ ɬɚɤɠɟ ɪɚɛɨɬɚ ɩɨ ɢɦɩɨɪɬɨɡɚɦɟɳɟɧɢɸ ɦɟɬɚɥɥɨɩɨɪɨɲɤɨɜɵɯ ɤɨɦɩɨɡɢɰɢɣ ɞɥɹ ɧɚɧɟɫɟɧɢɹ 
ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɡɚɳɢɬɧɵɯ ɩɨɤɪɵɬɢɣ ɧɚ ɨɬɜɟɬɫɬɜɟɧɧɵɟ ɞɟɬɚɥɢ ɝɚɡɨɬɭɪɛɢɧɧɵɯ ɭɫɬɚɧɨɜɨɤ  
ɢ ɞɜɢɝɚɬɟɥɟɣ. ȼɫɟɝɨ ɨɫɜɨɟɧɨ ɛɨɥɟɟ 60 ɦɚɪɨɤ ɦɚɬɟɪɢɚɥɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ ɤɪɢɬɢɱɟɫɤɢ ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ 
ɥɨɤɚɥɢɡɚɰɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ȽɌɍ. 

ɉɨ ɢɧɢɰɢɚɬɢɜɟ ȼɂȺɆ ɜ 2011 ɝɨɞɭ ɫ ɭɱɟɬɨɦ ɩɪɢɨɪɢɬɟɬɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɪɚɡɜɢɬɢɹ ɧɚɭɤɢ, ɬɟɯɧɨɥɨ-
ɝɢɣ ɢ ɬɟɯɧɢɤɢ ɜ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ, ɬɟɧɞɟɧɰɢɣ ɪɚɡɜɢɬɢɹ ɦɚɬɟɪɢɚɥɨɜ ɜ ɦɢɪɟ, ɫɬɪɚɬɟɝɢɣ ɢɧɧɨɜɚɰɢ-
ɨɧɧɨɝɨ ɪɚɡɜɢɬɢɹ ɢɧɬɟɝɪɢɪɨɜɚɧɧɵɯ ɫɬɪɭɤɬɭɪ ɛɵɥɢ ɪɚɡɪɚɛɨɬɚɧɵ «ɋɬɪɚɬɟɝɢɱɟɫɤɢɟ ɧɚɩɪɚɜɥɟɧɢɹ ɪɚɡɜɢɬɢɹ 
ɦɚɬɟɪɢɚɥɨɜ ɢ ɬɟɯɧɨɥɨɝɢɣ ɢɯ ɩɟɪɟɪɚɛɨɬɤɢ ɧɚ ɩɟɪɢɨɞ ɞɨ 2030 ɝɨɞɚ». Эɬɨɬ ɞɨɤɭɦɟɧɬ, ɚɤɬɭɚɥɢɡɢɪɨɜɚɧ-
ɧɵɣ ɜ 2017 ɝɨɞɭ, ɨɞɨɛɪɟɧ ɧɚ ɦɟɠɨɬɪɚɫɥɟɜɵɯ ɫɨɜɟɳɚɧɢɹɯ ɫ ɭɱɚɫɬɢɟɦ ɩɪɟɞɫɬɚɜɢɬɟɥɟɣ ɮɟɞɟɪɚɥɶɧɵɯ 
ɨɪɝɚɧɨɜ ɢɫɩɨɥɧɢɬɟɥɶɧɨɣ ɜɥɚɫɬɢ, ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɯ ɤɨɪɩɨɪɚɰɢɣ, Ɋɨɫɫɢɣɫɤɨɣ ɚɤɚɞɟɦɢɢ ɧɚɭɤ, ɢɧɬɟɝɪɢɪɨ-
ɜɚɧɧɵɯ ɫɬɪɭɤɬɭɪ, ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɯ ɧɚɭɱɧɵɯ ɰɟɧɬɪɨɜ, ɜɟɞɭɳɢɯ ɤɨɧɫɬɪɭɤɬɨɪɫɤɢɯ ɛɸɪɨ, ɧɚɰɢɨɧɚɥɶɧɵɯ 
ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɯ ɭɧɢɜɟɪɫɢɬɟɬɨɜ, ɩɪɟɞɩɪɢɹɬɢɣ ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɨɣ ɢ ɯɢɦɢɱɟɫɤɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. 
ɋɬɪɚɬɟɝɢɱɟɫɤɢɟ ɧɚɩɪɚɜɥɟɧɢɹ ɫɨɝɥɚɫɨɜɚɧɵ 13 ɝɟɧɟɪɚɥɶɧɵɦɢ ɤɨɧɫɬɪɭɤɬɨɪɚɦɢ, ɩɹɬɶɸ ɪɭɤɨɜɨɞɢɬɟɥɹɦɢ 
ɩɪɢɨɪɢɬɟɬɧɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɧɚɩɪɚɜɥɟɧɢɣ, ɨɞɨɛɪɟɧɵ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɢɦ ɫɨɜɟɬɨɦ ȼɨɟɧɧɨ-
ɩɪɨɦɵɲɥɟɧɧɨɣ ɤɨɦɢɫɫɢɢ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ. ȼ 2019 ɝɨɞɭ ɋɬɪɚɬɟɝɢɱɟɫɤɢɟ ɧɚɩɪɚɜɥɟɧɢɹ ɨɞɨɛɪɟ-
ɧɵ ɧɚ Ʉɨɥɥɟɝɢɢ ȼɉɄ ɢ ɭɬɜɟɪɠɞɟɧɵ ɇɌɋ ȼɉɄ. 

ȼ «ɋɬɪɚɬɟɝɢɱɟɫɤɢɯ ɧɚɩɪɚɜɥɟɧɢɹɯ ɪɚɡɜɢɬɢɹ ɦɚɬɟɪɢɚɥɨɜ ɢ ɬɟɯɧɨɥɨɝɢɣ ɢɯ ɩɟɪɟɪɚɛɨɬɤɢ ɧɚ ɩɟɪɢ-
ɨɞ ɞɨ 2030 ɝɨɞɚ» ɡɚɥɨɠɟɧɵ ɛɚɡɨɜɵɟ ɩɪɢɧɰɢɩɵ ɫɨɡɞɚɧɢɹ ɦɚɬɟɪɢɚɥɨɜ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ ɢ ɫɥɨɠɧɵɯ ɬɟɯɧɢ-
ɱɟɫɤɢɯ ɫɢɫɬɟɦ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɷɬɨɬ ɞɨɤɭɦɟɧɬ ɢɝɪɚɟɬ ɨɩɪɟɞɟɥɹɸɳɭɸ ɪɨɥɶ ɜ ɩɪɨɜɟɞɟɧɢɢ ɩɪɨɪɵɜɧɵɯ 
ɢɫɫɥɟɞɨɜɚɧɢɣ ɜ ɚɜɢɚɰɢɨɧɧɨ-ɤɨɫɦɢɱɟɫɤɨɣ ɨɬɪɚɫɥɢ, ɹɜɥɹɟɬɫɹ ɛɚɡɢɫɨɦ, ɧɚ ɨɫɧɨɜɟ ɤɨɬɨɪɨɝɨ ɜɵɩɨɥɧɹɟɬɫɹ 
ɪɚɡɪɚɛɨɬɤɚ ɢɧɧɨɜɚɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢ ɬɟɯɧɨɥɨɝɢɣ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ, ɫɨɡɞɚɟɬɫɹ ɜɵɫɨɤɨɬɟɯɧɨɥɨɝɢɱɧɚɹ 
ɩɪɨɞɭɤɰɢɹ. ɉɪɢ ɷɬɨɦ ɜɚɠɧɨ ɩɨɞɱɟɪɤɧɭɬɶ, ɱɬɨ ɭɫɩɟɲɧɚɹ ɪɚɛɨɬɚ ȼɂȺɆ ɨɫɧɨɜɵɜɚɟɬɫɹ ɧɚ ɬɟɫɧɨɦ ɫɨɬɪɭɞɧɢ-
ɱɟɫɬɜɟ ɫ ɢɧɫɬɢɬɭɬɚɦɢ Ɋɨɫɫɢɣɫɤɨɣ ɚɤɚɞɟɦɢɢ ɧɚɭɤ, ɨɬɪɚɫɥɟɜɵɦɢ ɢɧɫɬɢɬɭɬɚɦɢ, ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɦɢ ɧɚɭɱɧɵ-
ɦɢ ɰɟɧɬɪɚɦɢ, ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɦɢ ɤɨɪɩɨɪɚɰɢɹɦɢ ɢ ɢɧɬɟɝɪɢɪɨɜɚɧɧɵɦɢ ɤɨɦɩɚɧɢɹɦɢ. 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɍɤɚɡɨɦ ɉɪɟɡɢɞɟɧɬɚ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ȼɥɚɞɢɦɢɪɚ ȼɥɚɞɢɦɢɪɨɜɢɱɚ  
ɉɭɬɢɧɚ 2022–2031 ɝɨɞɵ ɜ Ɋɨɫɫɢɢ ɨɛɴɹɜɥɟɧɵ ɞɟɫɹɬɢɥɟɬɢɟɦ ɧɚɭɤɢ ɢ ɬɟɯɧɨɥɨɝɢɣ. ɂ ɦɵ ɩɨɧɢɦɚɟɦ, 
ɧɚɫɤɨɥɶɤɨ ɜɚɠɧɚ ɪɨɥɶ ɨɬɟɱɟɫɬɜɟɧɧɨɝɨ ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɹ ɜ ɷɩɨɯɭ ɝɥɨɛɚɥɶɧɵɯ ɝɟɨɩɨɥɢɬɢɱɟɫɤɢɯ ɩɟ-
ɪɟɦɟɧ, ɜɟɞɶ ɦɚɬɟɪɢɚɥɵ ɜɫɟɝɞɚ ɢɝɪɚɥɢ ɫɢɫɬɟɦɨɨɛɪɚɡɭɸɳɭɸ ɪɨɥɶ ɜ ɫɨɡɞɚɧɢɢ ɤɨɧɤɭɪɟɧɬɨɫɩɨɫɨɛɧɨɣ 
ɩɪɨɞɭɤɰɢɢ. ɋɟɝɨɞɧɹ ɩɟɪɟɞ ɧɚɦɢ ɫɬɨɢɬ ɰɟɥɶ – ɨɛɟɫɩɟɱɢɬɶ ɪɚɡɪɚɛɨɬɤɭ ɢ ɫɟɪɢɣɧɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ ɫɥɨɠ-
ɧɵɯ ɬɟɯɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɩɨɥɧɨɫɬɶɸ ɧɚ ɨɫɧɨɜɟ ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɭ ȼɂȺɆ ɞɟɣɫɬɜɢɬɟɥɶɧɨ ɦɨɳɧɵɟ ɬɪɚɞɢɰɢɢ, ɢ ɢɦɟɧɧɨ ɷɬɨ ɜɨ ɦɧɨɝɨɦ ɨɩɪɟ-
ɞɟɥɹɟɬ ɭɫɩɟɯ ɧɚɲɟɣ ɪɚɛɨɬɵ ɧɚ ɩɪɨɬɹɠɟɧɢɢ ɞɟɫɹɬɢɥɟɬɢɣ. Ɇɵ ɨɬɞɚɟɦ ɞɚɧɶ ɝɥɭɛɨɤɨɝɨ ɭɜɚɠɟɧɢɹ ɭɱɟɧɵɦ 
ɢ ɫɩɟɰɢɚɥɢɫɬɚɦ ɢɧɫɬɢɬɭɬɚ ɡɚ ɜɤɥɚɞ, ɤɨɬɨɪɵɣ ɨɧɢ ɜɧɟɫɥɢ ɜ ɪɟɲɟɧɢɟ ɜɚɠɧɟɣɲɢɯ ɜɨɩɪɨɫɨɜ ɜ ɫɮɟɪɟ  
ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɹ.  

ȼ ɡɚɜɟɪɲɟɧɢɟ ɯɨɱɟɬɫɹ ɩɨɡɞɪɚɜɢɬɶ ɜɫɟɯ ɤɨɥɥɟɝ ɫ ɸɛɢɥɟɟɦ ȼɂȺɆ ɢ ɟɳɟ ɪɚɡ ɩɨɞɱɟɪɤɧɭɬɶ, ɱɬɨ ɧɚɲɚ 
ɪɚɛɨɬɚ ɢɦɟɟɬ ɫɬɪɚɬɟɝɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ ɞɥɹ ɭɤɪɟɩɥɟɧɢɹ ɨɛɨɪɨɧɨɫɩɨɫɨɛɧɨɫɬɢ ɝɨɫɭɞɚɪɫɬɜɚ ɢ ɞɨɫɬɨɣɧɨɝɨ 
ɨɬɜɟɬɚ ɜɫɟɦ ɝɥɨɛɚɥɶɧɵɦ ɜɵɡɨɜɚɦ ɢɡɜɧɟ. ɀɟɥɚɸ ɜɚɦ ɧɨɜɵɯ ɭɫɩɟɯɨɜ ɧɚ ɛɥɚɝɨ ɪɨɫɫɢɣɫɤɨɣ ɧɚɭɤɢ! 

 
В.В. Аɧтиɩɨв, 

ɢ.ɨ. ɝɟɧɟɪаɥьɧɨɝɨ ɞɢɪɟɤɬɨɪа  
ɇИЦ «Кɭɪчаɬɨɜɫɤɢɣ ɢɧɫɬɢɬɭɬ» – ВИАɆ, ɞ.ɬ.ɧ.
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Abstract. Methods of computer prediction of the main characteristics of a high-temperature 
intermetallic alloy based on Ni3Al by its chemical composition are presented. The calculated 
and experimental values of thermodynamic and strength parameters of the alloy under consid-
eration are presented. Structural changes after high-temperature exposures for 10 and 50 hours 
are analyzed. The thermal stability and operability of the material at temperatures up to 
1200 °ɋ have been experimentally confirmed with a long time and 1250 °ɋ with a short time. 
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ȼɜɟɞɟɧɢɟ 
ɋɨɡɞɚɧɢɟ ɝɚɡɨɬɭɪɛɢɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ (ȽɌȾ) ɩɹɬɨɝɨ ɢ ɲɟɫɬɨɝɨ ɩɨɤɨɥɟɧɢɣ, ɚ ɬɚɤɠɟ 

ɝɚɡɨɬɭɪɛɢɧɧɵɯ ɭɫɬɚɧɨɜɨɤ ɞɥɹ ɷɧɟɪɝɟɬɢɤɢ, ɫɭɞɨɫɬɪɨɟɧɢɹ ɢ ɩɪɨɱɟɝɨ ɩɪɢɦɟɧɟɧɢɹ ɬɪɟɛɭɟɬ 
ɧɚɪɹɞɭ ɫ ɨɪɢɝɢɧɚɥɶɧɵɦɢ ɤɨɧɫɬɪɭɤɬɨɪɫɤɢɦɢ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ ɪɟɲɟɧɢɹɦɢ ɪɚɡɪɚɛɨɬ-
ɤɢ ɦɚɬɟɪɢɚɥɨɜ ɫɨ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɟɟ ɜɵɫɨɤɢɦ ɭɪɨɜɧɟɦ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɩɨ ɫɪɚɜɧɟ-
ɧɢɸ ɫ ɫɭɳɟɫɬɜɭɸɳɢɦ Д1–5Ж. Ɉɫɭɳɟɫɬɜɥɟɧɢɟ ɷɬɨɣ ɡɚɞɚɱɢ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ ɫɜɹɡɚ-
ɧɨ ɫ ɪɚɡɪɚɛɨɬɤɨɣ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ; ɜ ɫɥɭɱɚɟ ɦɚɬɟɪɢɚɥɨɜ ɚɜɢɚɰɢɨɧɧɨɝɨ 
ɧɚɡɧɚɱɟɧɢɹ – ɨɛɥɚɞɚɸɳɢɯ ɜ ɬɨɦ ɱɢɫɥɟ ɧɢɡɤɨɣ ɩɥɨɬɧɨɫɬɶɸ. Ɍɚɤɢɦɢ ɦɚɬɟɪɢɚɥɚɦɢ ɹɜɥɹ-
ɸɬɫɹ ɫɩɥɚɜɵ ɧɚ ɨɫɧɨɜɟ ɢɧɬɟɪɦɟɬɚɥɥɢɞɚ ɧɢɤɟɥɹ, ɤɨɬɨɪɵɟ ɛɥɚɝɨɞɚɪɹ ɜɵɫɨɤɨɦɭ ɫɨɞɟɪɠɚ-
ɧɢɸ ɚɥɸɦɢɧɢɹ ɢɦɟɸɬ ɦɟɧɶɲɭɸ ɩɥɨɬɧɨɫɬɶ, ɱɟɦ ɠɚɪɨɩɪɨɱɧɵɟ ɫɩɥɚɜɵ ɧɚ ɨɫɧɨɜɟ ɧɢɤɟɥɹ, 
ɜɵɫɨɤɢɟ ɬɟɦɩɟɪɚɬɭɪɭ ɩɥɚɜɥɟɧɢɹ ɢ ɠɚɪɨɫɬɨɣɤɨɫɬɶ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 1β00 °ɋ. ɉɨɫɤɨɥɶɤɭ ɜ 
ɫɨɫɬɚɜɟ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɫɨɞɟɪɠɢɬɫɹ >κ0 % (ɨɛɴɟɦɧ.) ɭɩɨɪɹɞɨɱɟɧɧɨɣ  
Ȗʹ-ɮɚɡɵ (σТ3χХ), ɢɦɟɸɳɟɣ ɤɪɢɫɬɚɥɥɢɱɟɫɤɭɸ ɪɟɲɟɬɤɭ ɬɢɩɚ L12, ɭɩɨɪɹɞɨɱɟɧɧɚɹ ɫɬɪɭɤɬɭ-
ɪɚ ɜ ɫɩɥɚɜɚɯ ɫɨɯɪɚɧɹɟɬɫɹ ɜɩɥɨɬɶ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ ɩɥɚɜɥɟɧɢɹ ɢ ɫɩɥɚɜɵ ɬɟɪɦɢɱɟɫɤɢ ɫɬɚ-
ɛɢɥɶɧɵ ɞɨ 1β00–1250 °ɋ Д6Ж.  

ɉɟɪɜɨɧɚɱɚɥɶɧɨ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɥɢɬɟɣɧɵɯ ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚ-
ɜɨɜ ɢɫɩɨɥɶɡɨɜɚɥɢ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɷɦɩɢɪɢɱɟɫɤɢɣ ɦɟɬɨɞ, ɩɪɢ ɤɨɬɨɪɨɦ ɜɵɛɨɪ ɯɢɦɢɱɟ-
ɫɤɨɝɨ ɫɨɫɬɚɜɚ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɝɨ ɧɟɨɛɯɨɞɢɦɵɟ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ 
ɫɜɨɣɫɬɜɚ, ɹɜɥɹɟɬɫɹ ɬɪɭɞɨɟɦɤɨɣ ɢ ɞɨɪɨɝɨɫɬɨɹɳɟɣ ɡɚɞɚɱɟɣ. ɋ ɪɚɡɜɢɬɢɟɦ ɦɟɬɨɞɨɜ ɤɨɦɩɶ-
ɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɬɪɚɞɢɰɢɨɧɧɵɣ ɷɦɩɢɪɢɱɟɫɤɢɣ ɩɨɞɯɨɞ ɡɚɦɟɧɢɥɢ ɧɚ ɪɚɫɱɟɬɧɵɣ 
[7–15Ж, ɩɪɢɱɟɦ ɧɟ ɬɨɥɶɤɨ ɩɪɢ ɜɵɛɨɪɟ ɫɨɫɬɚɜɨɜ ɤɨɦɩɨɡɢɰɢɣ, ɧɨ ɢ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɬɟɯɧɨ-
ɥɨɝɢɣ ɥɢɬɶɹ Д16Ж ɢ ɬɟɪɦɢɱɟɫɤɨɣ (ɬɟɪɦɨɦɟɯɚɧɢɱɟɫɤɨɣ) ɨɛɪɚɛɨɬɤɢ Д17Ж ɦɚɬɟɪɢɚɥɨɜ. ɋ ɰɟ-
ɥɶɸ ɩɨɜɵɲɟɧɢɹ ɪɟɫɭɪɫɚ, ɜɟɫɨɜɨɣ ɨɬɞɚɱɢ ɢ ɭɥɭɱɲɟɧɢɹ ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɩɟɪ-
ɫɩɟɤɬɢɜɧɵɯ ɞɜɢɝɚɬɟɥɟɣ ɧɟɨɛɯɨɞɢɦɵ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɟ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɟ ɫɩɥɚɜɵ, 
ɫɨɯɪɚɧɹɸɳɢɟ ɬɟɪɦɢɱɟɫɤɭɸ ɫɬɚɛɢɥɶɧɨɫɬɶ ɫɬɪɭɤɬɭɪɵ ɜ ɩɪɨɰɟɫɫɟ ɧɚɪɚɛɨɬɤɢ. Ɉɞɧɢɦ ɢɡ 
ɤɥɚɫɫɨɜ ɥɢɬɟɣɧɵɯ ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɯ ɞɥɹ ɞɟɬɚɥɟɣ ɝɨɪɹɱɟɝɨ ɬɪɚɤɬɚ 
ȽɌȾ, ɹɜɥɹɸɬɫɹ ɦɚɬɟɪɢɚɥɵ ɧɚ ɨɫɧɨɜɟ ɢɧɬɟɪɦɟɬɚɥɥɢɞɚ Ni3Al , ɞɥɹ ɪɚɫɱɟɬɚ ɤɨɬɨɪɵɯ ɩɪɢ-
ɦɟɧɹɸɬɫɹ ɦɟɬɨɞɵ ɫɛɚɥɚɧɫɢɪɨɜɚɧɧɨɫɬɢ ɯɢɦɢɱɟɫɤɨɝɨ ɢ ɮɚɡɨɜɨɝɨ ɫɨɫɬɚɜɨɜ, ɩɨɡɜɨɥɹɸɳɢɟ 
ɫɩɪɨɝɧɨɡɢɪɨɜɚɬɶ ɜɟɪɨɹɬɧɨɫɬɶ ɨɛɪɚɡɨɜɚɧɢɹ ɧɟɠɟɥɚɬɟɥɶɧɵɯ ɬɨɩɨɥɨɝɢɱɟɫɤɢ ɩɥɨɬɧɨɭɩɚɤɨ-
ɜɚɧɧɵɯ (Ɍɉɍ) ɮɚɡ ɢ ɬɟɪɦɨɫɬɚɛɢɥɶɧɨɫɬɶ ɮɚɡɨɜɨɝɨ ɫɨɫɬɚɜɚ ɜ ɩɪɨɰɟɫɫɟ ɪɚɛɨɬɵ.  

Ɉɫɧɨɜɧɵɦɢ ɩɪɢɧɰɢɩɚɦɢ, ɤɨɬɨɪɵɦɢ ɪɭɤɨɜɨɞɫɬɜɭɸɬɫɹ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɢɧɬɟɪɦɟ-
ɬɚɥɥɢɞɧɵɯ ɫɩɥɚɜɨɜ, ɹɜɥɹɸɬɫɹ: ɫɨɡɞɚɧɢɟ ɝɟɬɟɪɨɮɚɡɧɨɣ ɫɬɪɭɤɬɭɪɵ (Ȗʹ-ɮɚɡɚ ɧɚ ɨɫɧɨɜɟ ɫɨ-
ɟɞɢɧɟɧɢɹ Ni3Al  ɢ Ȗ-ɮɚɡɚ ɧɚ ɨɫɧɨɜɟ Ni) ɢ ɨɛɟɫɩɟɱɟɧɢɟ ɜɵɫɨɤɨɣ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɣ ɢ 
ɮɚɡɨɜɨɣ ɫɬɚɛɢɥɶɧɨɫɬɢ ɬɚɤɨɣ ɫɬɪɭɤɬɭɪɵ ɜ ɩɪɨɰɟɫɫɟ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɷɤɫɩɥɭɚɬɚ-
ɰɢɢ. Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɜɵɫɨɤɢɯ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɧɟɨɛɯɨɞɢɦɨ ɭɜɟɥɢɱɟɧɢɟ ɷɧɟɪɝɢɢ 
ɦɟɠɚɬɨɦɧɨɣ ɫɜɹɡɢ ɜ Ȗʹ-ɮɚɡɟ, ɤɨɬɨɪɨɟ ɫɨɡɞɚɟɬɫɹ ɥɟɝɢɪɨɜɚɧɢɟɦ ɬɭɝɨɩɥɚɜɤɢɦɢ ɷɥɟɦɟɧɬɚ-
ɦɢ, ɬɚɤɢɦɢ ɤɚɤ Mo, W, Ta ɢ Re. 

ɉɪɢ ɪɚɡɪɚɛɨɬɤɟ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɵɯ ɫɩɥɚɜɨɜ (ɬɚɤ ɠɟ ɤɚɤ ɢ ɠɚ-
ɪɨɩɪɨɱɧɵɯ ɧɢɤɟɥɟɜɵɯ ɫɩɥɚɜɨɜ) ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɩɪɨɱɧɨɫɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɢɫɩɨɥɶɡɭ-
ɸɬ ɬɪɢ ɨɫɧɨɜɧɵɯ ɦɟɯɚɧɢɡɦɚ ɭɩɪɨɱɧɟɧɢɹ: ɬɜɟɪɞɨɪɚɫɬɜɨɪɧɨɟ ɭɩɪɨɱɧɟɧɢɟ Ȗʹ-ɮɚɡɵ  
ɢ Ȗ-ɮɚɡɵ ɥɟɝɢɪɨɜɚɧɢɟɦ ɬɭɝɨɩɥɚɜɤɢɦɢ ɷɥɟɦɟɧɬɚɦɢ; ɞɢɫɩɟɪɫɢɨɧɧɨɟ ɭɩɪɨɱɧɟɧɢɟ  
Ȗ-ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ ɞɢɫɩɟɪɫɧɵɦɢ ɱɚɫɬɢɰɚɦɢ Ȗʹ-ɮɚɡɵ ɢ ɡɟɪɧɨɝɪɚɧɢɱɧɨɟ ɭɩɪɨɱɧɟɧɢɟ 
(ɞɥɹ ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ) ɥɟɝɢɪɨɜɚɧɢɟɦ ɋ, ȼ ɢ ɪɟɞɤɨɡɟɦɟɥɶɧɵɦɢ ɦɟɬɚɥ-
ɥɚɦɢ. ɉɥɚɫɬɢɱɧɨɫɬɶ ɤɨɧɫɬɪɭɢɪɭɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɨɫɨɛɟɧɧɨ ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ ɩɪɢ ɤɨɦ-
ɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, ɨɛɟɫɩɟɱɢɜɚɸɬ ɫɨɡɞɚɧɢɟɦ ɜ ɫɩɥɚɜɟ з(10–15) % (ɨɛɴɟɦɧ.) ɜɹɡɤɨɣ  
Ȗ-ɮɚɡɵ – ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ ɧɚ ɨɫɧɨɜɟ Ni ɫ ɧɟɭɩɨɪɹɞɨɱɟɧɧɨɣ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɝɪɚɧɟ-
ɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɤɭɛɢɱɟɫɤɨɣ (ȽɐɄ) ɪɟɲɟɬɤɨɣ Д1κЖ. Ɏɚɡɨɜɭɸ ɢ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɭɸ  
ɫɬɚɛɢɥɶɧɨɫɬɶ ɨɰɟɧɢɜɚɥɢ ɦɟɬɨɞɨɦ New PHACOMP Md Д1λ, β0Ж ɢ ɩɨ ɦɟɬɨɞɢɤɟ ɪɚɫɱɟɬɚ 
ɛɚɥɚɧɫɚ ɥɟɝɢɪɨɜɚɧɢɹ, ɩɪɢɜɟɞɟɧɧɨɣ ɜ ɪɚɛɨɬɟ Дβ1Ж. 



ʮа̬оп̬оч̦̼е ̭пла̼̏ ̛ ̭тал̛  

 

 

АȐиаȤиȜțțые Țатериаșы и теȣțȜșȜȑии / Aviation materials and technologies  2 (67)  2022                            7 

 

Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ 
Ⱦɥɹ ɪɚɡɪɚɛɨɬɤɢ ɷɤɨɧɨɦɧɨɥɟɝɢɪɨɜɚɧɧɨɝɨ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɤɨɧɫɬɪɭɤɰɢɨɧ-

ɧɨɝɨ ɫɩɥɚɜɚ ɫ ɧɢɡɤɨɣ ɩɥɨɬɧɨɫɬɶɸ ɢɫɫɥɟɞɨɜɚɧɢɟ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɵɯ ɤɨɦɩɨɡɢɰɢɣ ɫ ɩɨɥɢ-
ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɨɣ ɩɪɨɜɨɞɢɥɢ ɧɚ ɨɫɧɨɜɟ ɫɢɫɬɟɦɵ Ni–Al–Cr–W–Mo–Ti–Hf, 
ɞɥɹ ɱɟɝɨ ɫɜɟɥɢ ɤ ɦɢɧɢɦɭɦɭ ɫɭɦɦɚɪɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɬɭɝɨɩɥɚɜɤɢɯ (W, Mo) ɷɥɟɦɟɧɬɨɜ 
[22]. Ⱦɥɹ ɭɤɪɟɩɥɟɧɢɹ ɝɪɚɧɢɰ ɡɟɪɟɧ ɤɚɪɛɢɞɚɦɢ ɜ ɫɨɫɬɚɜ ɜɜɨɞɢɥɢ ɭɝɥɟɪɨɞ. Ɉɰɟɧɤɭ ɫɛɚ-
ɥɚɧɫɢɪɨɜɚɧɧɨɫɬɢ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɩɪɨɜɨɞɢɥɢ ɧɚ ɨɫɧɨɜɟ ɪɚɫɱɟɬɚ ɩɚɪɚɦɟɬɪɚ ɮɚɡɨɜɨɣ 
ɫɬɚɛɢɥɶɧɨɫɬɢ  ɩɨ ɮɨɪɦɭɥɟ Дβ1Ж 

,28,6–
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ɝɞɟ ɋi – ɚɬɨɦɧɚɹ ɞɨɥɹ i-ɝɨ ɷɥɟɦɟɧɬɚ; Ⱥi – ɚɬɨɦɧɚɹ ɦɚɫɫɚ i-ɝɨ ɷɥɟɦɟɧɬɚ; Ei – ɱɢɫɥɨ ɷɥɟɤɬɪɨɧɨɜ ɧɚ 
s- ɢ p-ɨɪɛɢɬɚɥɹɯ i-ɝɨ ɷɥɟɦɟɧɬɚ; n – ɤɨɥɢɱɟɫɬɜɨ ɷɥɟɦɟɧɬɨɜ, ɜɤɥɸɱɚɹ ɨɫɧɨɜɭ ɫɩɥɚɜɚ ɛɟɡ ɭɱɟɬɚ 
ɦɢɤɪɨɞɨɛɚɜɨɤ ɪɟɞɤɨɡɟɦɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ (La, Ce, Y ɢ ɞɪ.) ɢ ɩɪɢɦɟɫɟɣ.  
 

ȼɟɥɢɱɢɧɚ ɩɚɪɚɦɟɬɪɚ  ɨɩɪɟɞɟɥɹɟɬ ɜɟɪɨɹɬɧɨɫɬɶ ɨɛɪɚɡɨɜɚɧɢɹ ɢɡɛɵɬɨɱɧɵɯ ɮɚɡ: 
ɩɪɢ  < 0 ɫɩɥɚɜɵ ɩɪɨɹɜɥɹɸɬ ɫɤɥɨɧɧɨɫɬɶ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɞɜɨɣɧɵɯ ɤɚɪɛɢɞɨɜ ɢɥɢ  
Ɍɉɍ-ɮɚɡ, ɩɪɢ  > 0 ɤɨɦɩɨɡɢɰɢɢ ɩɪɨɹɜɥɹɸɬ ɫɤɥɨɧɧɨɫɬɶ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɮɚɡ ɬɢɩɚ Ni3Ti, 
Ni3Nb ɢ ɷɜɬɟɤɬɢɱɟɫɤɢɯ (ɩɟɪɢɬɟɤɬɢɱɟɫɤɢɯ) ɮɚɡ ɧɚ ɨɫɧɨɜɟ Ni3χХ. ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɜɚ-
ɪɢɚɧɬɨɜ ɤɨɧɫɬɪɭɢɪɭɟɦɨɝɨ ɫɩɥɚɜɚ ɫɱɢɬɚɥɢ ɫɛɚɥɚɧɫɢɪɨɜɚɧɧɵɦ, ɟɫɥɢ ɞɥɹ ɧɢɯ ɜɵɩɨɥɧɹ-
ɥɨɫɶ ɭɫɥɨɜɢɟ 0,0β ≥  ≥ –0,0β. ɋɛɚɥɚɧɫɢɪɨɜɚɧɧɵɟ ɩɨ ɷɬɨɦɭ ɭɫɥɨɜɢɸ ɤɨɦɩɨɡɢɰɢɢ 
ɫɩɥɚɜɚ ɪɚɫɫɱɢɬɵɜɚɥɢ ɩɨ ɦɟɬɨɞɭ σОа PHχCτεP Md Д1λ, β0Ж, ɫɭɬɶ ɤɨɬɨɪɨɝɨ ɡɚɤɥɸɱɚɟɬɫɹ 
ɜ ɨɰɟɧɤɟ ɫɪɟɞɧɟɝɨ ɩɚɪɚɦɟɬɪɚ Md ɞɥɹ Ȗ-ɮɚɡɵ ɢ ɫɪɚɜɧɟɧɢɢ ɟɝɨ ɫɨ ɡɧɚɱɟɧɢɟɦ (Md)Ȗɤɪɢɬ, ɤɨ-
ɬɨɪɨɟ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɪɚɫɫɱɢɬɵɜɚɸɬ ɞɥɹ ɤɚɠɞɨɝɨ ɫɨɫɬɚɜɚ ɨɬɞɟɥɶɧɨ ɱɟɪɟɡ ɫɪɟɞɧɸɸ 
ɚɬɨɦɧɭɸ ɦɚɫɫɭ ɥɟɝɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ Ȗ-ɮɚɡɵ: 

(Ɇd)Ȗ = 
n

i 1  

Ci (Ɇd)i ≤ (Md)Ȗɤɪɢɬ; 

(Ɇd)Ȗɤɪɢɬ = 1,44 – 0,009ᾹȖ, 

ɝɞɟ ɋi – ɚɬɨɦɧɚɹ ɞɨɥɹ i-ɝɨ ɯɢɦɢɱɟɫɤɨɝɨ ɷɥɟɦɟɧɬɚ ɜ ɫɨɫɬɚɜɟ Ȗ-ɮɚɡɵ; (Md)Ȗ – ɜɟɥɢɱɢɧɚ ɷɧɟɪɝɟɬɢ-
ɱɟɫɤɨɝɨ ɭɪɨɜɧɹ d-ɨɪɛɢɬɚɥɟɣ i-ɝɨ ɯɢɦɢɱɟɫɤɨɝɨ ɷɥɟɦɟɧɬɚ ɜ ɫɨɫɬɚɜɟ Ȗ-ɮɚɡɵ; ᾹȖ – ɫɪɟɞɧɹɹ ɚɬɨɦɧɚɹ 
ɦɚɫɫɚ ɤɨɦɩɨɧɟɧɬɨɜ Ȗ-ɮɚɡɵ. 

 
Ⱦɥɹ ɮɚɡɨɜɨ-ɫɬɚɛɢɥɶɧɵɯ ɤɨɦɩɨɡɢɰɢɣ ɫɩɥɚɜɚ ɪɚɫɫɱɢɬɵɜɚɥɢ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ 

ɫɜɨɣɫɬɜɚ ɢ ɫɬɪɭɤɬɭɪɧɨ-ɮɚɡɨɜɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɨ ɦɨɞɟɥɹɦ, ɩɨɥɭɱɟɧɧɵɦ ɪɚɧɟɟ ɦɟɬɨ-
ɞɨɦ ɪɟɝɪɟɫɫɢɨɧɧɨɝɨ ɚɧɚɥɢɡɚ ДβγЖ. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɪɚɫɱɟɬɨɜ ɜɵɛɢɪɚɥɢ ɫɨɫɬɚɜ ɫɩɥɚɜɚ, 
ɨɛɟɫɩɟɱɢɜɚɸɳɢɣ ɜɵɩɨɥɧɟɧɢɟ ɡɚɞɚɧɧɵɯ ɭɫɥɨɜɢɣ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɹ: 

– ɨɛɴɟɦɧɨɟ ɫɨɞɟɪɠɚɧɢɟ -ɮɚɡɵ ɜ ɫɩɥɚɜɟ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ  ≥κ5 % (ɨɛɴɟɦɧ.); 
– ɩɥɨɬɧɨɫɬɶ ≤7,λκ ɝ/ɫɦ3; 
– ɬɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ ≥1γβ5 °ɋ; 
– ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɥɧɨɝɨ ɪɚɫɬɜɨɪɟɧɢɹ Ȗʹ-ɮɚɡɵ ≥1γ10 °ɋ. 

Ʉɨɦɩɨɡɢɰɢɸ ɫɩɥɚɜɚ ɜɵɛɪɚɧɧɨɝɨ ɫɨɫɬɚɜɚ ɧɚ ɨɫɧɨɜɟ ɢɧɬɟɪɦɟɬɚɥɥɢɞɚ Ni3Al  ɜɵ-
ɩɥɚɜɥɹɥɢ ɜ ɜɚɤɭɭɦɧɨɣ ɢɧɞɭɤɰɢɨɧɧɨɣ ɩɟɱɢ Дβ4Ж, ɩɨɥɭɱɟɧɧɵɟ ɩɪɭɬɤɨɜɵɟ (ɲɢɯɬɨɜɵɟ) ɡɚ-
ɝɨɬɨɜɤɢ ɩɟɪɟɩɥɚɜɥɹɥɢ ɦɟɬɨɞɨɦ ɬɨɱɧɨɝɨ ɥɢɬɶɹ ɩɨ ɜɵɩɥɚɜɥɹɟɦɵɦ ɦɨɞɟɥɹɦ ɧɚ ɭɫɬɚɧɨɜɤɟ 
ɬɢɩɚ ɍɉɉɎ-ɍ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɡɚɝɨɬɨɜɨɤ ɫ ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɨɣ.  

ɋɬɪɭɤɬɭɪɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɨɞɢɥɢ ɦɟɬɨɞɨɦ ɪɚɫɬɪɨɜɨɣ ɦɢɤɪɨɫɤɨɩɢɢ ɧɚ ɷɥɟɤ-
ɬɪɨɧɧɨɦ ɦɢɤɪɨɫɤɨɩɟ JSε-κ40 (əɩɨɧɢɹ). ɉɟɪɢɨɞɵ ɪɟɲɟɬɨɤ Ȗʹ- ɢ Ȗ-ɮɚɡ ɢ ɢɯ ɤɨɥɢɱɟɫɬɜɨ 
ɨɩɪɟɞɟɥɹɥɢ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɞɢɮɪɚɤɬɨɦɟɬɪɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ ɧɚ ɭɫɬɚɧɨɜɤɟ 
ȾɊɈɇ-γɆ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɨɦɩɶɸɬɟɪɧɨɣ ɩɪɨɝɪɚɦɦɵ Outset. 
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Ɋɚɡɦɟɪɧɨɟ ɧɟɫɨɨɬɜɟɬɫɬɜɢɟ ɩɟɪɢɨɞɨɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɪɟɲɟɬɨɤ Ȗʹ- ɢ Ȗ-ɮɚɡ (Δ) 
ɪɚɫɫɱɢɬɵɜɚɥɢ ɩɨ ɮɨɪɦɭɥɟ ȼɭɥɶɮɚ–Ȼɪɷɝɝɚ: Δ = (aȖ – aȖʹ)/aȖ, ɝɞɟ aȖ – ɩɟɪɢɨɞ ɪɟɲɟɬɤɢ  
Ȗ-ɮɚɡɵ; aȖʹ – ɩɟɪɢɨɞ ɪɟɲɟɬɤɢ Ȗʹ-ɮɚɡɵ [25, 26]. 

ɂɫɩɵɬɚɧɢɹ ɧɚ ɞɥɢɬɟɥɶɧɭɸ ɩɪɨɱɧɨɫɬɶ ɩɪɨɜɨɞɢɥɢ ɜ ɢɫɩɵɬɚɬɟɥɶɧɨɦ ɰɟɧɬɪɟ ɇɂɐ 
«Ʉɭɪɱɚɬɨɜɫɤɢɣ ɢɧɫɬɢɬɭɬ» – ȼɂȺɆ ɩɨ ɫɬɚɧɞɚɪɬɧɨɣ ɦɟɬɨɞɢɤɟ ɫɨɝɥɚɫɧɨ ȽɈɋɌ 10145–81 
Дβ7Ж, ɢɫɩɵɬɚɧɢɹ ɧɚ ɤɪɚɬɤɨɜɪɟɦɟɧɧɭɸ ɩɪɨɱɧɨɫɬɶ – ɩɨ ȽɈɋɌ 14λ7–κ4 ɢ ȽɈɋɌ λ651–84. 

 
Ɋɟɡɭɥɶɬɚɬɵ ɢ ɨɛɫɭɠɞɟɧɢɟ 

Ⱦɥɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɵɛɪɚɧ ɫɨɫɬɚɜ ɫɩɥɚɜɚ ɧɚ ɨɫɧɨɜɟ ɢɧɬɟɪɦɟ-
ɬɚɥɥɢɞɚ Ni3Al  ɫɢɫɬɟɦɵ Ni–Al–Cr–W–Mo–Ti–Hf–C ɫ ɭɱɟɬɨɦ ɡɚɞɚɧɧɵɯ ɭɫɥɨɜɢɣ ɤɨɧɫɬɪɭ-
ɢɪɨɜɚɧɢɹ. ɋɨɞɟɪɠɚɧɢɟ ɨɫɧɨɜɧɵɯ ɯɢɦɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ ɜɵɛɪɚɧɧɨɣ ɤɨɦɩɨɡɢɰɢɢ ɩɪɢ-
ɜɟɞɟɧɨ ɜ ɬɚɛɥ. 1. 

 
Ɍɚɛɥɢɰɚ 1 

ɋɨɫɬɚɜ* ɩɨ ɨɫɧɨɜɧɵɦ ɥɟɝɢɪɭɸɳɢɦ ɷɥɟɦɟɧɬɚɦ ɢɫɫɥɟɞɭɟɦɨɝɨ  
ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɨɝɨ ɫɩɥɚɜɚ ɫ ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɨɣ 

ɋɨɞɟɪɠɚɧɢɟ ɷɥɟɦɟɧɬɨɜ, % (ɩɨ ɦɚɫɫɟ) 
Ni Al  Cr Mo  W  Ti  Hf C 

Ɉɫɧɨɜɚ 8,5 5,5 3,5 3,0 1,5 0,5 0,15 
* Ɂɚɳɢɳɟɧ ɩɚɬɟɧɬɨɦ ɊɎ № βγ0417λ; ɨɩɭɛɥ. 10.0κ.β007. 

 
ȼ ɬɚɛɥ. β ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɚɫɱɟɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɨɧɫɬɪɭɢɪɭɟɦɨɝɨ ɫɩɥɚɜɚ ɧɚ 

ɨɫɧɨɜɟ ɢɧɬɟɪɦɟɬɚɥɥɢɞɚ Ni3Al  ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɞɚɧɧɵɦɢ, ɩɨɥɭɱɟɧɧɵɦɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶ-
ɧɵɦ ɩɭɬɟɦ. Ɂɧɚɱɟɧɢɟ ɩɚɪɚɦɟɬɪɚ (Md)Ȗɤɪɢɬ ɞɥɹ ɢɫɫɥɟɞɭɟɦɨɣ ɤɨɦɩɨɡɢɰɢɢ ɫɨɫɬɚɜɢɥɨ 
0,9486, ɚ ɩɨ ɭɫɥɨɜɢɹɦ ɦɟɬɨɞɚ σОа PHχCτεP ɡɧɚɱɟɧɢɟ ɩɚɪɚɦɟɬɪɚ (Md)Ȗ ɞɨɥɠɧɨ ɛɵɬɶ 
ɦɟɧɶɲɟ ɢɥɢ ɪɚɜɧɨ ɡɧɚɱɟɧɢɸ (Md)Ȗɤɪɢɬ. Ⱦɥɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɫɩɥɚɜɚ ɭɫɥɨɜɢɟ ɜɵɩɨɥɧɹ-
ɟɬɫɹ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨɛ ɨɬɫɭɬɫɬɜɢɢ ɭ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɫɩɥɚɜɚ ɫɤɥɨɧɧɨɫɬɢ ɤ ɨɛɪɚ-
ɡɨɜɚɧɢɸ Ɍɉɍ-ɮɚɡ. 

 
Ɍɚɛɥɢɰɚ 2 

Ɏɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɫɩɥɚɜɚ ɧɚ ɨɫɧɨɜɟ ɢɧɬɟɪɦɟɬɚɥɥɢɞɚ Ni3Al  
ɫ ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɨɣ 

ɉɚɪɚɦɟɬɪ 
Ɂɧɚɱɟɧɢɟ ɩɚɪɚɦɟɬɪɚ 

ɪɚɫɱɟɬɧɨɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ 
ȿ 0,004 – 
(Md)Ȗ 0,9163 – 
ɉɟɪɢɨɞ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ Ȗʹ-ɮɚɡɵ – aȖʹ, ɧɦ 0,357719 0,3570 
ɉɟɪɢɨɞ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ Ȗ-ɮɚɡɵ – aȖ, ɧɦ 0,357672 0,3577 
Ɇɢɫɮɢɬ Δ = (Ȗ–Ȗʹ)/Ȗ, % 0,0131 0,21 
Ɉɛɴɟɦɧɨɟ ɫɨɞɟɪɠɚɧɢɟ -ɮɚɡɵ ɜ ɫɩɥɚɜɟ ɩɪɢ ɤɨɦɧɚɬɧɨɣ 
ɬɟɦɩɟɪɚɬɭɪɟ, % 

85,4316 85 

ɉɥɨɬɧɨɫɬɶ ɫɩɥɚɜɚ, ɝ/ɫɦ3 7,8615 7,938 
Ɍɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ, °ɋ 1326,32 1358,2 
Ɍɟɦɩɟɪɚɬɭɪɚ ɩɨɥɧɨɝɨ ɪɚɫɬɜɨɪɟɧɢɹ Ȗ-ɮɚɡɵ, °ɋ 1320,43 1331,6 

 
ȼ ɭɫɥɨɜɢɹɯ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɧɚɝɪɭɠɟɧɢɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ ɤɚɤ ɜ ɠɚɪɨɩɪɨɱ-

ɧɵɯ ɧɢɤɟɥɟɜɵɯ ɫɩɥɚɜɚɯ, ɬɚɤ ɢ ɜ ɫɩɥɚɜɚɯ ɧɚ ɨɫɧɨɜɟ ɢɧɬɟɪɦɟɬɚɥɥɢɞɚ ɧɢɤɟɥɹ, ɩɪɟɬɟɪɩɟɜɚ-
ɟɬ ɢɡɦɟɧɟɧɢɹ, ɨɛɪɚɡɭɹ ɬɚɤ ɧɚɡɵɜɚɟɦɭɸ ɪɚɮɬ-ɫɬɪɭɤɬɭɪɭ. ɇɚɩɪɚɜɥɟɧɢɟ ɨɛɪɚɡɭɟɦɨɣ ɪɚɮɬ-
ɫɬɪɭɤɬɭɪɵ ɡɚɜɢɫɢɬ ɨɬ ɪɚɡɧɢɰɵ ɩɚɪɚɦɟɬɪɨɜ - ɢ -ɪɟɲɟɬɨɤ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɨɬ ɜɟɥɢɱɢɧɵ 
ɩɨ ɦɨɞɭɥɸ ɢ ɡɧɚɤɚ ɦɢɫɮɢɬɚ Дβκ, βλЖ. ȼ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɫɩɥɚɜɚɯ ɫ ɩɨɥɨɠɢɬɟɥɶɧɵɦ 
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ɦɢɫɮɢɬɨɦ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɪɚɫɬɹɝɢɜɚɸɳɟɝɨ ɧɚɩɪɹɠɟɧɢɹ -ɮɚɡɚ ɤɨɚɝɭɥɢɪɭɟɬ ɜ ɩɥɚɫɬɢɧɵ, 
ɩɚɪɚɥɥɟɥɶɧɵɟ ɨɫɢ ɧɚɝɪɭɠɟɧɢɹ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɵɦ ɞɥɹ ɥɭɱɲɟɝɨ ɫɨɩɪɨɬɢɜɥɟ-
ɧɢɹ ɦɚɬɟɪɢɚɥɚ ɩɨɥɡɭɱɟɫɬɢ ɢ ɭɫɬɚɥɨɫɬɢ, ɬ. ɟ. ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɪɟɫɭɪɫɚ ɪɚɛɨɬɵ ɫɩɥɚɜɚ Дγ0Ж. 

Ⱥɧɚɥɢɡ ɩɚɪɚɦɟɬɪɨɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɪɟɲɟɬɨɤ Ȗ- ɢ Ȗ-ɮɚɡ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ 
ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɵɯ ɫɩɥɚɜɨɜ ȼɄɇȺ-1ȼ ɢ ȼɄɇȺ-4ɍ (ɬɚɛɥ. γ) ɩɨɤɚɡɚɥ ɛɥɢɡɤɨɟ ɫɨɨɬɜɟɬ-
ɫɬɜɢɟ ɡɧɚɱɟɧɢɹɦ ɢɫɫɥɟɞɭɟɦɨɝɨ ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɫɩɥɚɜɚ ɧɚ ɨɫɧɨɜɟ ɢɧɬɟɪɦɟɬɚɥɥɢɞɚ 
Ni3Al  Дγ1Ж. ɋɤɨɧɫɬɪɭɢɪɨɜɚɧɧɵɣ ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɢɣ ɫɩɥɚɜ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɞɟɬɚɥɟɣ 
ɫɬɚɬɨɪɚ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɝɚɡɨɬɭɪɛɢɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ ɞɥɢɬɟɥɶɧɨɣ ɷɤɫɩɥɭɚ-
ɬɚɰɢɢ ɞɨ 1β00 °ɋ ɢ ɫ ɤɪɚɬɤɨɜɪɟɦɟɧɧɵɦɢ ɡɚɛɪɨɫɚɦɢ ɞɨ 1β50 °ɋ. ɋɢɫɬɟɦɵ ɥɟɝɢɪɨɜɚɧɢɹ 
ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɢ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɫɩɥɚɜɨɜ ɦɚɪɤɢ ȼɄɇȺ-1ȼ ɢɞɟɧɬɢɱɧɵ, 
ɩɨɷɬɨɦɭ ɢ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɪɟɲɟɬɨɤ ɢ ɦɢɫɮɢɬɚ ɛɥɢɡɤɢ. ɍ ɫɩɥɚɜɚ 
ȼɄɇȺ-4ɍ ɛɨɥɶɲɟɟ ɪɚɡɦɟɪɧɨɟ ɧɟɫɨɨɬɜɟɬɫɬɜɢɟ ɦɟɠɞɭ ɮɚɡɚɦɢ ɨɛɴɹɫɧɹɟɬɫɹ ɩɪɢɫɭɬɫɬɜɢɟɦ 
ɤɨɛɚɥɶɬɚ ɜ ɫɩɥɚɜɟ, ɤɨɬɨɪɵɣ, ɤɚɤ ɢɡɜɟɫɬɧɨ ДγβЖ, ɡɚɧɢɦɚɟɬ ɩɨɡɢɰɢɢ ɜ ɰɟɧɬɪɟ ɝɪɚɧɟɣ  
Ni-ɩɨɞɪɟɲɟɬɤɢ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɭɜɟɥɢɱɢɜɚɟɬ ɡɧɚɱɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ 
ɪɟɲɟɬɤɢ Ȗ-ɮɚɡɵ. 

 
Ɍɚɛɥɢɰɚ 3 

ɋɬɪɭɤɬɭɪɧɨ-ɮɚɡɨɜɵɟ ɩɚɪɚɦɟɬɪɵ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɵɯ ɫɩɥɚɜɨɜ 

ɋɩɥɚɜ  ɉɟɪɢɨɞ ɪɟɲɟɬɤɢ, ɧɦ Ɇɢɫɮɢɬ Δ = (Ȗ–Ȗʹ)/Ȗ, % 
aȖʹ aȖ 

ɉɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɢɣ ɫɩɥɚɜ ɫɢɫɬɟɦɵ  
Ni–Al–Cr–W–Mo–Ti–Hf–C 

0,3570 0,3577 0,21 

ȼɄɇȺ-1ȼ 0,3573 0,3581 0,23 
ȼɄɇȺ-4ɍ 0,3573 0,3585 0,40 

 
Ɇɢɤɪɨɫɬɪɭɤɬɭɪɧɵɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹɦɢ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɨɣ ɤɨɦɩɨɡɢɰɢɢ ɫɢɫɬɟɦɵ 

ɥɟɝɢɪɨɜɚɧɢɹ Ni–Al–Cr–W–Mo–Ti–Hf–C ɜ ɥɢɬɨɦ ɫɨɫɬɨɹɧɢɢ (ɪɢɫ. 1) ɢ ɩɨɫɥɟ ɜɵɫɨɤɨɬɟɦ-
ɩɟɪɚɬɭɪɧɵɯ ɨɬɠɢɝɨɜ (ɪɢɫ. β) ɩɨɞɬɜɟɪɠɞɟɧɚ ɮɚɡɨɜɨ-ɫɬɪɭɤɬɭɪɧɚɹ ɫɬɚɛɢɥɶɧɨɫɬɶ ɫɤɨɧ-
ɫɬɪɭɢɪɨɜɚɧɧɨɝɨ ɫɩɥɚɜɚ. Ɇɚɬɟɪɢɚɥ ɜ ɢɫɯɨɞɧɨɦ ɥɢɬɨɦ ɫɨɫɬɨɹɧɢɢ ɢɦɟɟɬ ɯɚɪɚɤɬɟɪɧɨɟ ɞɥɹ 
ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɨɝɨ ɫɩɥɚɜɚ ɞɟɧɞɪɢɬɧɨ-ɹɱɟɢɫɬɨɟ ɫɬɪɨɟɧɢɟ (ɪɢɫ. 1, ɚ), ɨɫɢ ɞɟɧɞɪɢɬɨɜ ɫɨ-
ɫɬɨɹɬ ɢɡ (Ȗ + Ȗ)-ɮɚɡ, ɜ ɦɟɠɞɟɧɞɪɢɬɧɵɯ ɨɛɥɚɫɬɹɯ ɪɚɫɩɨɥɨɠɟɧɵ ɤɪɭɩɧɵɟ ɱɚɫɬɢɰɵ ɷɜɬɟɤ-
ɬɢɱɟɫɤɨɝɨ (ɩɟɪɢɬɟɤɬɢɱɟɫɤɨɝɨ) ɩɪɨɢɫɯɨɠɞɟɧɢɹ, ɧɚ ɝɪɚɧɢɰɟ ɞɟɧɞɪɢɬɨɜ ɢ ɦɟɠɨɫɧɵɯ ɨɛɥɚ-
ɫɬɟɣ ɨɛɪɚɡɭɸɬɫɹ ɤɚɪɛɢɞɵ ɬɢɩɚ Ɇɟɋ ɧɚ ɨɫɧɨɜɟ Ti (ɪɢɫ. 1, ɛ).  

 
Ȗƍɷɜɬ

ɛ)ɚ)

Ȗ Ȗƍ Ȗ/Ȗƍ

 
Ɋɢɫ. 1. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɨɝɨ ɫɩɥɚɜɚ ɫɢɫɬɟɦɵ ɥɟɝɢɪɨɜɚɧɢɹ Ni–Al–Cr–W–Mo–

Ti–Hf–C ɜ ɥɢɬɨɦ ɜɢɞɟ: ɚ – ɞɟɧɞɪɢɬɵ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ, ɛ – ɦɟɠɞɟɧɞɪɢɬɧɚɹ ɨɛɥɚɫɬɶ 
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ɛ)ɚ)

ɝ)ɜ)

 
Ɋɢɫ. β. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɨɝɨ ɫɩɥɚɜɚ ɫɢɫɬɟɦɵ ɥɟɝɢɪɨɜɚɧɢɹ Ni–Al–Cr–W–Mo–

Ti–Hf–C ɩɨɫɥɟ ɜɵɞɟɪɠɤɢ ɩɪɢ 1β50 °ɋ ɜ ɬɟɱɟɧɢɟ 50 ɱ: ɚ – ɨɫɢ ɞɟɧɞɪɢɬɨɜ, ɛ – ɦɟɠɨɫɧɨɟ ɩɪɨ-
ɫɬɪɚɧɫɬɜɨ; ɩɪɢ 1βκ0 °ɋ ɜ ɬɟɱɟɧɢɟ 50 ɱ: ɜ – ɨɫɢ ɞɟɧɞɪɢɬɨɜ, ɝ – ɦɟɠɞɟɧɞɪɢɬɧɚɹ ɨɛɥɚɫɬɶ 

 
Ʉɚɤ ɜɢɞɧɨ ɢɡ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɦɢɤɪɨɫɬɪɭɤɬɭɪ, ɮɚɡɨɜɵɣ ɫɨɫɬɚɜ ɫɤɨɧɫɬɪɭɢɪɨɜɚɧ-

ɧɨɝɨ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɨɝɨ ɫɩɥɚɜɚ ɧɚ ɨɫɧɨɜɟ ɫɨɟɞɢɧɟɧɢɹ Ni3Al  ɩɨɫɥɟ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪ-
ɧɵɯ ɜɵɞɟɪɠɟɤ ɨɫɬɚɟɬɫɹ ɫɬɚɛɢɥɶɧɵɦ, ɜ ɫɩɥɚɜɟ ɨɬɫɭɬɫɬɜɭɟɬ ɜɵɞɟɥɟɧɢɟ Ɍɉɍ-ɮɚɡ. ɇɚɛɥɸ-
ɞɚɸɬɫɹ ɩɪɟɜɪɚɳɟɧɢɹ ɩɨ ɬɢɩɭ Ȗ + Ɇɟɋ → Ȗ + Ɇɟ6ɋ, ɜ ɩɪɨɫɥɨɣɤɚɯ Ȗ-ɮɚɡɵ – ɜɵɞɟɥɟɧɢɟ 
ɱɚɫɬɢɰ ɜɬɨɪɢɱɧɨɣ Ȗ-ɮɚɡɵ. 

ɉɨ ɩɨɥɭɱɟɧɧɵɦ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɞɚɧɧɵɦ ɩɨɫɬɪɨɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɨɛɴɟɦɧɨɣ 
ɞɨɥɢ Ȗ-ɮɚɡɵ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ, ɩɪɟɞɫɬɚɜɥɟɧɧɚɹ ɧɚ ɪɢɫ. γ. ɉɨɥɭɱɟɧɧɚɹ ɬɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢ-
ɫɢɦɨɫɬɶ ɯɚɪɚɤɬɟɪɧɚ ɤɚɤ ɞɥɹ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɵɯ ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ, ɬɚɤ ɢ ɞɥɹ ɠɚɪɨ-
ɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ ɧɚ ɧɢɤɟɥɟɜɨɣ ɨɫɧɨɜɟ. 

Ɇɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɨɝɨ ɫɩɥɚɜɚ ɫ ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ 
ɫɬɪɭɤɬɭɪɨɣ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 4. ɇɚɛɥɸɞɚɟɬɫɹ ɭɦɟɧɶɲɟɧɢɟ ɩɥɚɫɬɢɱɧɨɫɬɢ ɫ ɭɜɟɥɢɱɟɧɢ-
ɟɦ ɬɟɦɩɟɪɚɬɭɪɵ, ɯɚɪɚɤɬɟɪɧɨɟ ɞɥɹ ɜɫɟɯ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɵɯ ɫɩɥɚɜɨɜ. Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚ-
ɜɢɫɢɦɨɫɬɢ ɩɪɟɞɟɥɨɜ ɬɟɤɭɱɟɫɬɢ ɢ ɩɪɨɱɧɨɫɬɢ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 4. ɏɚɪɚɤɬɟɪ ɤɪɢɜɵɯ ɡɚ-
ɜɢɫɢɦɨɫɬɟɣ ıɜ ɢ ı0,2 ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɨɛɴɹɫɧɹɟɬɫɹ ɚɧɨɦɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨ-
ɫɬɶɸ ɩɪɟɞɟɥɚ ɬɟɤɭɱɟɫɬɢ, ɯɚɪɚɤɬɟɪɧɨɣ ɞɥɹ Ȗʹ-ɮɚɡɵ ДγγЖ, ɢ ɹɜɥɹɟɬɫɹ ɬɢɩɢɱɧɵɦ ɤɚɤ ɞɥɹ 
ɧɢɤɟɥɟɜɨɝɨ ɠɚɪɨɩɪɨɱɧɨɝɨ, ɬɚɤ ɢ ɞɥɹ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɨɝɨ ɫɩɥɚɜɚ. 



ʮа̬оп̬оч̦̼е ̭пла̼̏ ̛ ̭тал̛  

 

 

АȐиаȤиȜțțые Țатериаșы и теȣțȜșȜȑии / Aviation materials and technologies  2 (67)  2022                            11 

 

0

10

20

30

40

50

60

70

80

90

0 200 400 600 800 1000 1200 1400

Ɉ
ɛɴ
ɟɦ
ɧɚ
ɹ 
ɞɨ
ɥɹ
 Ȗ
ƍ-ɮ

ɚɡ
ɵ
, %

°ɋ
 

Ɋɢɫ. γ. Ɍɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɨɛɴɟɦɧɨɣ ɞɨɥɢ Ȗƍ-ɮɚɡɵ ɜ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɨɦ ɫɩɥɚɜɟ  
ɫɢɫɬɟɦɵ ɥɟɝɢɪɨɜɚɧɢɹ σТ–Al–Cr–W–Mo–Ti–Hf–C 

 
Ɍɚɛɥɢɰɚ 4 

Ɇɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɨɝɨ ɫɩɥɚɜɚ  
ɫɢɫɬɟɦɵ ɥɟɝɢɪɨɜɚɧɢɹ NТ–Al–W–Mo–Ti–Hf–C 

Ɍɟɦɩɟɪɚɬɭɪɚ ɢɫɩɵɬɚɧɢɹ, °ɋ ȿ, Ƚɉɚ 
ıɜ ı0,2 Ɉɬɧɨɫɢɬɟɥɶɧɨɟ 

ɭɞɥɢɧɟɧɢɟ į, % Ɇɉɚ 
20 198 590 360 5,0 

1000 125 465 400 4,7 
1100 127 345 315 4,2 
1150 93 265 255 3,9 
1200 94 180 175 2,3 
1250 65 100 95 3,7 
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Ɋɢɫ. 4. Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɩɪɟɞɟɥɨɜ ɬɟɤɭɱɟɫɬɢ (ı0,2) ɢ ɩɪɨɱɧɨɫɬɢ (ıɜ) ɢɧɬɟɪɦɟɬɚɥ-

ɥɢɞɧɨɝɨ ɫɩɥɚɜɚ ɫɢɫɬɟɦɵ ɥɟɝɢɪɨɜɚɧɢɹ σТ–Al–W–Mo–Ti–Hf–C 
 
Ⱦɥɢɬɟɥɶɧɚɹ ɩɪɨɱɧɨɫɬɶ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɨɝɨ ɫɩɥɚɜɚ ɫ ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤ-

ɬɭɪɨɣ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥ. 5 ɢ 6. ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 1β00 ɢ 1β50 °ɋ ɢɫɩɵɬɚɧɢɹ ɩɪɨɜɨ-
ɞɢɥɢ ɧɚ ɦɟɧɶɲɢɯ ɛɚɡɚɯ. Ʉɪɢɜɵɟ ɞɥɢɬɟɥɶɧɨɣ ɩɪɨɱɧɨɫɬɢ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 5. 



ʮа̬оп̬оч̦̼е ̭пла̼̏ ̛ ̭тал̛  

 

 

 12                    АȐиаȤиȜțțые Țатериаșы и теȣțȜșȜȑии / Aviation materials and technologies   2 (67)  2022 

 

Ɍɚɛɥɢɰɚ 5 
ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɥɢɬɟɥɶɧɨɣ ɩɪɨɱɧɨɫɬɢ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɨɝɨ ɫɩɥɚɜɚ 

ɫɢɫɬɟɦɵ ɥɟɝɢɪɨɜɚɧɢɹ NТ–Al–Cr–W–Mo–Ti–Hf–C ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 900–1150 °ɋ 

Ɍɟɦɩɟɪɚɬɭɪɚ ɢɫɩɵɬɚɧɢɹ, °ɋ 
ı10 ı100 ı500 ı1000 

Ɇɉɚ 
900 360 220 145 115 
1000 145 95 60 50 
1100 65 40 25 20 
1150 45 30 20 15 

 
Ɍɚɛɥɢɰɚ 6 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɥɢɬɟɥɶɧɨɣ ɩɪɨɱɧɨɫɬɢ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɨɝɨ ɫɩɥɚɜɚ  
ɫɢɫɬɟɦɵ ɥɟɝɢɪɨɜɚɧɢɹ NТ–Al–W–Mo–Ti–Hf–C ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 1200 ɢ 1250 °ɋ 

Ɍɟɦɩɟɪɚɬɭɪɚ ɢɫɩɵɬɚɧɢɹ, °ɋ 
ı1 ı5 ı10 ı100 

Ɇɉɚ 
1200 – – 35 20 
1250 31 24 20 – 
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Ɋɢɫ. 5. Ʉɪɢɜɵɟ ɞɥɢɬɟɥɶɧɨɣ ɩɪɨɱɧɨɫɬɢ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɨɝɨ ɫɩɥɚɜɚ ȼɄɇȺ-1ȼɊ ɫɢɫɬɟɦɵ ɥɟɝɢ-

ɪɨɜɚɧɢɹ σТ–Al–W–Mo–Ti–Hf–C  
 
ɂɡ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜ ɬɚɛɥ. 4–6 ɞɚɧɧɵɯ ɫɥɟɞɭɟɬ, ɱɬɨ ɢɫɫɥɟɞɨɜɚɧɧɵɣ ɫɤɨɧɫɬɪɭɢ-

ɪɨɜɚɧɧɵɣ ɷɤɨɧɨɦɧɨɥɟɝɢɪɨɜɚɧɧɵɣ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɵɣ ɫɩɥɚɜ ɫ ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ 
ɫɬɪɭɤɬɭɪɨɣ ɢɦɟɟɬ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɪɚɬɤɨɜɪɟɦɟɧɧɨɣ ɢ ɞɥɢɬɟɥɶɧɨɣ 
ɩɪɨɱɧɨɫɬɢ, ɩɨɡɜɨɥɹɸɳɢɟ ɢɫɩɨɥɶɡɨɜɚɬɶ ɟɝɨ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɞɟɬɚɥɟɣ ɫɬɚɬɨɪɚ, ɜ ɬɨɦ 
ɱɢɫɥɟ ɞɥɹ ɥɨɩɚɬɨɤ ɬɭɪɛɢɧ ȽɌȾ, ɞɥɢɬɟɥɶɧɨ ɪɚɛɨɬɚɸɳɢɯ ɜ ɭɫɥɨɜɢɹɯ ɩɪɟɞɟɥɶɧɨ ɜɵɫɨɤɢɯ 
ɪɚɛɨɱɢɯ ɬɟɦɩɟɪɚɬɭɪ.  

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɨɛɳɟɣ ɤɜɚɥɢɮɢɤɚɰɢɢ (ɩɚɫɩɨɪɬɢɡɚɰɢɢ) ɫɩɥɚɜɭ ɩɪɢɫɜɨɟɧɚ  
ɦɚɪɤɚ ȼɄɇȺ-1ȼɊ, ɨɧ ɩɪɨɲɟɥ ɨɩɵɬɧɨ-ɩɪɨɦɵɲɥɟɧɧɨɟ ɨɩɪɨɛɨɜɚɧɢɟ ɜ ɭɫɥɨɜɢɹɯ  
ȺɈ «ɈȾɄ-Ⱥɜɢɚɞɜɢɝɚɬɟɥɶ». 
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Ɂɚɤɥɸɱɟɧɢɹ 
ɉɪɨɜɟɞɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɤɨɦɩɶɸɬɟɪɧɨɦɭ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɸ ɨɫɧɨɜɧɵɯ ɯɚ-

ɪɚɤɬɟɪɢɫɬɢɤ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɨɝɨ ɫɩɥɚɜɚ ɧɚ ɨɫɧɨɜɟ σТ3χХ ɩɨ ɟɝɨ 
ɯɢɦɢɱɟɫɤɨɦɭ ɫɨɫɬɚɜɭ ɩɨɤɚɡɵɜɚɸɬ ɜɨɡɦɨɠɧɨɫɬɶ ɫɨɤɪɚɳɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɷɤɫɩɟɪɢɦɟɧɬɨɜ 
ɩɪɢ ɫɨɡɞɚɧɢɢ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. 

ɉɪɟɞɫɬɚɜɥɟɧɧɵɟ ɪɚɫɱɟɬɧɵɟ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɨɫɧɨɜɧɵɯ ɬɟɪɦɨɞɢ-
ɧɚɦɢɱɟɫɤɢɯ ɢ ɩɪɨɱɧɨɫɬɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɷɤɨɧɨɦɧɨɥɟɝɢɪɨɜɚɧɧɨɝɨ ɫɩɥɚɜɚ ɫ ɩɨɥɢɤɪɢɫɬɚɥ-
ɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɨɣ ɧɚ ɨɫɧɨɜɟ ɢɧɬɟɪɦɟɬɚɥɥɢɞɚ σТ3χХ ɭɤɚɡɵɜɚɸɬ ɧɚ ɢɯ ɯɨɪɨɲɭɸ  
ɫɯɨɞɢɦɨɫɬɶ. 

Ɋɟɡɭɥɶɬɚɬɵ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨɞɬɜɟɪɠɞɚɸɬ ɬɟɪɦɢɱɟɫɤɭɸ ɢ ɮɚɡɨɜɭɸ 
ɫɬɚɛɢɥɶɧɨɫɬɶ ɫɩɥɚɜɨɜ ɧɚ ɨɫɧɨɜɟ ɢɧɬɟɪɦɟɬɚɥɥɢɞɚ Ni3Al .  

ɉɪɢɦɟɧɟɧɢɟ ɧɨɜɵɯ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɵɯ ɫɩɥɚɜɨɜ ɜ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ȽɌȾ ɩɨɡɜɨɥɢɬ 
ɩɨɜɵɫɢɬɶ ɪɚɛɨɱɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɬɭɪɛɢɧɧɵɯ ɥɨɩɚɬɨɤ ɢ ɫɨɡɞɚɬɶ ɬɭɪɛɢɧɧɵɟ ɥɨɩɚɬɤɢ ɫ ɪɟ-
ɤɨɪɞɧɨ ɜɵɫɨɤɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɠɚɪɨɩɪɨɱɧɨɫɬɢ ɢ ɪɟɫɭɪɫɚ. 

 
Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɝɪɚɧɬɚ ɊɎɎИ 19-03-00852 Ⱥ «Иɫɫɥɟɞɨɜɚɧɢɟ  

ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɢ ɪɚɡɪɚɛɨɬɤɚ ɧɚɭɱɧɵɯ ɨɫɧɨɜ ɭɩɪɚɜɥɟɧɢɹ ɧɚɩɪɚɜɥɟɧɧɨɣ ɫɬɪɭɤɬɭɪɨɣ, 
ɫɬɚɛɢɥɢɡɢɪɨɜɚɧɧɨɣ ɦɢɤɪɨ- ɢ ɧɚɧɨɪɚɡɦɟɪɧɵɦɢ ɱɚɫɬɢɰɚɦɢ, ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɵɯ ɫɩɥɚɜɨɜ 
ɧɚ ɨɫɧɨɜɟ NТ3AХ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɯ ɞɥɹ ɪɚɛɨɬɵ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɞɨ 1250–1300 °ɋ». 

 
ɋɩɢɫɨɤ ɢɫɬɨɱɧɢɤɨɜ 
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ɝɚɡɨɜɵɯ ɬɭɪɛɢɧ (ɦɚɬɟɪɢɚɥɵ ɢ ɬɟɯɧɨɥɨɝɢɢ). Ɇ.: ɇɚɭɤɚ ɢ ɬɟɯɧɨɥɨɝɢɢ, β01γ. β56 ɫ. 
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ɨɩɬɢɦɚɥɶɧɵɟ ɪɟɠɢɦɵ ɩɚɣɤɢ ɢ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɩɪɨɱɧɨɫɬɶ 
 ɩɚɹɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɧɚ ɭɪɨɜɧɟ 0,75–1,0 ɨɬ ɭɪɨɜɧɹ ɨɫɧɨɜɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. 

Кɥɸɱеɜые ɫɥɨɜɚ: ɩɚɣɤɚ, ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɚɹ ɩɚɣɤɚ, ɧɢɤɟɥɟɜɵɟ ɠɚɪɨɩɪɨɱɧɵɟ ɩɪɢ-
ɩɨɢ, ɤɨɛɚɥɶɬɨɜɵɣ ɫɩɥɚɜ, ɚɞɞɢɬɢɜɧɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ 
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Abstract. The paper presents the results of the study of the possibility of obtaining brazed 

joints of cobalt alloys obtained by the method of selective laser alloying using serial nickel heat-
resistant solders. The chemical composition of phases in the course of brazing and the effect of 
homogenizing heat treatment on the distribution of elements in the zones of the brazed joint and 
the diffusion zone of the base material have been investigated. Based on the studies carried out, 
serial brazing alloy was selected and the optimal parameters of brazing temperature and heat 
treatment were determined, which ensure the strength of the brazed joint at the level of 0.75–1.0 
of the level of the base material. 
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ȼɜɟɞɟɧɢɟ 
Ⱥɞɞɢɬɢɜɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɹɜɥɹɸɬɫɹ ɨɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ 

ɧɚɩɪɚɜɥɟɧɢɣ ɪɚɡɜɢɬɢɹ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ [1–4Ж. Ȼɥɚɝɨɞɚɪɹ ɬɟɯ-
ɧɨɥɨɝɢɱɟɫɤɢɦ ɨɫɨɛɟɧɧɨɫɬɹɦ ɷɬɨɝɨ ɦɟɬɨɞɚ ɜɨɡɦɨɠɧɨ ɫɨɡɞɚɧɢɟ ɢɡɞɟɥɢɣ ɫɨ ɫɥɨɠɧɵɦɢ 
ɩɨɜɟɪɯɧɨɫɬɹɦɢ ɢ ɜɧɭɬɪɟɧɧɢɦɢ ɩɭɫɬɨɬɚɦɢ, ɫɨɡɞɚɧɢɟ ɤɨɬɨɪɵɯ ɧɟɜɨɡɦɨɠɧɨ ɬɪɚɞɢɰɢɨɧ-
ɧɵɦɢ ɦɟɬɨɞɚɦɢ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ Д5–10]. 

Ɇɟɠɞɭɧɚɪɨɞɧɚɹ ɤɨɦɩɚɧɢɹ Deloitte [11] ɨɩɪɟɞɟɥɢɥɚ ɪɹɞ ɩɪɨɛɥɟɦ, ɦɟɲɚɸɳɢɯ 
ɦɚɫɫɨɜɨɦɭ ɜɧɟɞɪɟɧɢɸ ɷɬɨɝɨ ɦɟɬɨɞɚ ɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ. ɋɪɟɞɢ ɧɢɯ ɦɨɠɧɨ ɜɵ-
ɞɟɥɢɬɶ: ɦɚɥɭɸ ɧɨɦɟɧɤɥɚɬɭɪɭ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɩɨɪɨɲɤɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢ ɨɝɪɚɧɢɱɟɧɢɟ ɜ 
ɪɚɡɦɟɪɚɯ ɩɨɥɭɱɚɟɦɵɯ ɢɡɞɟɥɢɣ.  

ɉɪɢ ɜɵɛɨɪɟ ɬɟɯɧɨɥɨɝɢɱɧɨɝɨ ɩɨɪɨɲɤɨɜɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɩɨɡɜɨɥɹɸɳɟɝɨ ɩɨɥɭɱɚɬɶ 
ɞɟɬɚɥɢ ɫɥɨɠɧɨɣ ɮɨɪɦɵ ɛɟɡ ɞɟɮɟɤɬɨɜ ɪɚɫɬɪɟɫɤɢɜɚɧɢɹ, ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ ɫɩɥɚɜɵ ɧɚ ɤɨ-
ɛɚɥɶɬɨɜɨɣ ɨɫɧɨɜɟ. ɋɩɥɚɜɵ ɧɚ ɨɫɧɨɜɟ ɤɨɛɚɥɶɬɚ ɢɫɩɨɥɶɡɭɸɬɫɹ ɫ ɫɟɪɟɞɢɧɵ XX ɜ. ɜ ɩɪɨɢɡ-
ɜɨɞɫɬɜɟ ɪɚɡɥɢɱɧɵɯ ɢɡɞɟɥɢɣ, ɬɚɤɢɯ ɤɚɤ ɥɨɩɚɬɤɢ ɢɥɢ ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ ɝɚɡɨɜɵɯ ɬɭɪɛɢɧ ɢ 
ɚɜɢɚɰɢɨɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ. ɉɨɜɵɲɟɧɢɟ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɞɨɫɬɢɝɚɟɬ-
ɫɹ ɩɭɬɟɦ ɬɜɟɪɞɨɪɚɫɬɜɨɪɧɨɝɨ ɢ ɤɚɪɛɢɞɧɨɝɨ ɭɩɪɨɱɧɟɧɢɹ. Ɂɧɚɱɢɬɟɥɶɧɵɟ ɞɨɛɚɜɤɢ ɯɪɨɦɚ 
(>20 % (ɩɨ ɦɚɫɫɟ)) ɨɛɟɫɩɟɱɢɜɚɸɬ ɯɨɪɨɲɭɸ ɫɬɨɣɤɨɫɬɶ ɤ ɨɤɢɫɥɟɧɢɸ ɢ ɫɨɩɪɨɬɢɜɥɟɧɢɟ 
ɝɨɪɹɱɟɣ ɤɨɪɪɨɡɢɢ. ɉɪɢ ɷɬɨɦ ɫɩɥɚɜɵ ɞɚɧɧɨɣ ɫɢɫɬɟɦɵ ɥɟɝɢɪɨɜɚɧɢɹ, ɩɪɢ ɨɩɬɢɦɚɥɶɧɨɦ 
ɫɨɨɬɧɨɲɟɧɢɢ ɥɟɝɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ, ɧɟ ɫɤɥɨɧɧɵ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɝɨɪɹɱɢɯ ɬɪɟɳɢɧ Д1βЖ. 

ɋɨɡɞɚɧɢɟ ɝɨɬɨɜɵɯ ɢɡɞɟɥɢɣ ɨɝɪɚɧɢɱɟɧɨ ɪɚɡɦɟɪɨɦ ɩɥɚɬɮɨɪɦɵ, ɧɚ ɤɨɬɨɪɨɣ ɩɪɨɢɫ-
ɯɨɞɢɬ ɩɨɫɥɨɣɧɨɟ ɩɨɫɬɪɨɟɧɢɟ ɢɡɞɟɥɢɣ. Ɋɟɲɟɧɢɟ ɷɬɨɣ ɩɪɨɛɥɟɦɵ ɩɨɡɜɨɥɢɬ ɫɨɡɞɚɜɚɬɶ 
ɛɨɥɶɲɢɟ ɢ ɧɟɫɬɚɧɞɚɪɬɧɵɟ ɢɡɞɟɥɢɹ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɵɦ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɤɪɭɩɧɨ-
ɝɚɛɚɪɢɬɧɵɯ ɢɡɞɟɥɢɣ ɚɜɢɚɰɢɨɧɧɨɣ ɬɟɯɧɢɤɢ. Ɉɞɧɨ ɢɡ ɬɚɤɢɯ ɧɚɩɪɚɜɥɟɧɢɣ – ɢɡɝɨɬɨɜɥɟɧɢɟ 
ɦɨɧɨɤɨɥɟɫ ɬɭɪɛɢɧ ɞɥɹ ɦɚɥɨɪɚɡɦɟɪɧɵɯ ɝɚɡɨɬɭɪɛɢɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ. 

ɋɪɟɞɢ ɦɟɬɨɞɨɜ ɩɨɥɭɱɟɧɢɹ ɧɟɪɚɡɴɟɦɧɵɯ ɫɨɟɞɢɧɟɧɢɣ, ɧɟ ɧɚɪɭɲɚɸɳɢɯ ɝɟɨɦɟɬɪɢ-
ɱɟɫɤɭɸ ɮɨɪɦɭ ɢɡɞɟɥɢɹ, ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɦɟɬɨɞ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɩɚɣɤɢ. ɋɩɥɚɜɵ ɧɚ 
ɨɫɧɨɜɟ ɤɨɛɚɥɶɬɚ ɞɨ ɧɚɫɬɨɹɳɟɝɨ ɜɪɟɦɟɧɢ ɧɟ ɧɚɲɥɢ ɲɢɪɨɤɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɜ Ɋɨɫɫɢɢ. ɉɨ-
ɷɬɨɦɭ ɪɚɛɨɬ ɩɨ ɪɚɡɪɚɛɨɬɤɟ ɫɟɪɢɣɧɵɯ ɫɨɫɬɚɜɨɜ ɩɪɢɩɨɟɜ ɞɥɹ ɩɚɣɤɢ ɤɨɛɚɥɶɬɨɜɵɯ ɫɩɥɚɜɨɜ 
ɪɚɧɟɟ ɧɟ ɩɪɨɜɨɞɢɥɨɫɶ. Ʉɨɛɚɥɶɬ ɩɨ ɫɜɨɢɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɹɜɥɹɟɬɫɹ ɷɥɟɦɟɧɬɨɦ, ɛɥɢɡɤɢɦ 
ɤ ɧɢɤɟɥɸ, ɢ ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɢ ɫ ɧɢɦ ɫɨɜɦɟɫɬɢɦ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɞɥɹ ɩɚɣɤɢ 
ɤɨɛɚɥɶɬɨɜɨɝɨ ɫɩɥɚɜɚ ɨɩɪɨɛɨɜɚɧɵ ɫɟɪɢɣɧɵɟ ɩɪɢɩɨɢ, ɩɪɢɦɟɧɹɟɦɵɟ ɞɥɹ ɧɢɤɟɥɟɜɵɯ ɠɚɪɨ-
ɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ. Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɧɟɪɚɡɴɟɦɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɧɢɤɟɥɟɜɵɯ ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚ-
ɜɨɜ ɦɟɬɨɞɨɦ ɩɚɣɤɢ ɜ ɇɂɐ «Ʉɭɪɱɚɬɨɜɫɤɢɣ ɢɧɫɬɢɬɭɬ» – ȼɂȺɆ (ɞɚɥɟɟ ‒ ȼɂȺɆ) ɪɚɡɪɚɛɨɬɚ-
ɧɚ ɰɟɥɚɹ ɫɟɪɢɹ ɩɪɢɩɨɟɜ, ɨɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɨɬɨɪɵɯ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. 1 Д1γЖ. 
ȼɫɟ ɩɪɢɩɨɢ ɨɫɜɨɟɧɵ ɜ ɫɟɪɢɣɧɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ ɢ ɢɡɝɨɬɚɜɥɢɜɚɸɬɫɹ ɜ ɜɢɞɟ ɩɨɪɨɲɤɨɜ ɢ ɥɟɧɬ 
ɧɚ ɨɪɝɚɧɢɱɟɫɤɨɦ ɫɜɹɡɭɸɳɟɦ Д1γ, 14Ж. 

 
Ɍɚɛɥɢɰɚ 1 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢɩɨɟɜ ɧɚ ɨɫɧɨɜɟ ɧɢɤɟɥɹ 

ɉɪɢɩɨɣ ɋɢɫɬɟɦɚ ɥɟɝɢɪɨɜɚɧɢɹ Ɍɟɦɩɟɪɚɬɭɪɚ 
ɩɚɣɤɢ, °C 

Ɋɚɛɨɱɚɹ ɬɟɦɩɟɪɚɬɭɪɚ 
ɫɨɟɞɢɧɟɧɢɹ, °C 

ȼɉɪ11-40ɇ Ni–Cr–ɋ–Si–ȼ–Fe–Al  1080–1120 800 
ȼɉɪβ4 Ni–Cr–Al–Ti–Mo–W–Nb–Si–Co–ȼ 1200–1220 1050 
ȼɉɪβ7 Ni–Cr–Al–Mo–W–Nb–Co–ȼ–ɋ–Si 1120–1150 1000 
ȼɉɪγ6 Ni–Cr–Al–Mo–W–Nb–Si–Co–ȼ–C 1240–1270 1100 
ȼɉɪγ7 Ni–Cr–Al–Ti–W–Mo 1280–1310 1200 
ȼɉɪ4β Ni–Cr–Al–Mo–W–Nb–Co–B–Ti 1130–1150 1000 
ȼɉɪ44 Ni–Cr–Al–Mo–W–Si–Co–ȼ–C 1270–1290 1150 
ȼɉɪ50 Ni–Cr–Mo–Nb–Si–Co–B 1120–1160 1000 
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ɐɟɥɶ ɞɚɧɧɨɣ ɪɚɛɨɬɵ – ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɩɨɥɭɱɟɧɢɹ ɩɚɹɧɵɯ ɫɨɟɞɢɧɟ-
ɧɢɣ ɤɨɛɚɥɶɬɨɜɵɯ ɫɩɥɚɜɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɟɪɢɣɧɵɯ ɧɢɤɟɥɟɜɵɯ ɠɚɪɨɩɪɨɱɧɵɯ ɩɪɢɩɨ-
ɟɜ. Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɛɨɪɭɞɨɜɚɧɢɹ ɐɟɧɬɪɚ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɢɫɩɵɬɚ-
ɧɢɣ ȼɂȺɆ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɪɟɚɥɢɡɚɰɢɢ ɤɨɦɩɥɟɤɫɧɵɯ ɧɚɭɱɧɵɯ ɩɪɨɛɥɟɦ 10.4. 
«Ɍɟɯɧɨɥɨɝɢɢ ɩɨɥɭɱɟɧɢɹ ɛɢ- ɢ ɩɨɥɢɦɟɬɚɥɥɢɱɟɫɤɢɯ ɟɫɬɟɫɬɜɟɧɧɨɚɪɦɢɪɨɜɚɧɧɵɯ ɦɟɬɚɥɥɢ-
ɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɦɟɬɨɞɨɦ ɩɪɹɦɨɝɨ ɥɚɡɟɪɧɨɝɨ ɫɢɧɬɟɡɚ ɢɡ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɩɨɪɨɲɤɨɜ» ɢ 
10.λ. «ɉɪɢɩɨɢ ɢ ɬɟɯɧɨɥɨɝɢɢ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɞɢɮɮɭɡɢɨɧɧɨɣ ɩɚɣɤɢ ɫ ɤɨɦɩɶɸɬɟɪ-
ɧɵɦ ɭɩɪɚɜɥɟɧɢɟɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɞɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɨɩɬɢɦɚɥɶɧɨɣ 
ɫɬɪɭɤɬɭɪɵ ɩɚɹɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ» («ɋɬɪɚɬɟɝɢɱɟɫɤɢɟ ɧɚɩɪɚɜɥɟɧɢɹ ɪɚɡɜɢɬɢɹ ɦɚɬɟɪɢɚɥɨɜ ɢ 
ɬɟɯɧɨɥɨɝɢɣ ɢɯ ɩɟɪɟɪɚɛɨɬɤɢ ɧɚ ɩɟɪɢɨɞ ɞɨ β0γ0 ɝɨɞɚ») Д15Ж. 

 
Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ 

ȼ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɟɪɚɡɴɟɦɧɵɯ ɫɨɟɞɢɧɟɧɢɣ, 
ɜɵɩɨɥɧɟɧɧɵɯ ɦɟɬɨɞɨɦ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɣ ɩɚɣɤɢ, ɜɵɛɪɚɧ ɠɚɪɨɩɪɨɱɧɵɣ ɫɩɥɚɜ ɧɚ 
ɨɫɧɨɜɟ ɤɨɛɚɥɶɬɚ (CШ, Cr ɢ σТ) ɫ ɪɚɛɨɱɟɣ ɬɟɦɩɟɪɚɬɭɪɨɣ 1100 °ɋ. Ʉɪɨɦɟ ɬɨɝɨ, ɜ ɫɨɫɬɚɜɟ 
ɫɩɥɚɜɚ ɫɨɞɟɪɠɢɬɫɹ ɭɝɥɟɪɨɞ, ɨɛɪɚɡɭɸɳɢɣ ɨɫɧɨɜɧɭɸ ɭɩɪɨɱɧɹɸɳɭɸ ɮɚɡɭ, ɚ ɬɚɤɠɟ ɤɚɪ-
ɛɢɞɨɨɛɪɚɡɭɸɳɢɟ ɷɥɟɦɟɧɬɵ – А, TТ ɢ TК. 

ɂɫɫɥɟɞɭɟɦɵɟ ɨɛɪɚɡɰɵ ɢɡ ɫɩɥɚɜɚ ɧɚ ɨɫɧɨɜɟ ɤɨɛɚɥɶɬɚ ɢɡɝɨɬɨɜɥɟɧɵ ɢɡ ɦɟɬɚɥɥɨɩɨ-
ɪɨɲɤɨɜɨɣ ɤɨɦɩɨɡɢɰɢɢ ɮɪɚɤɰɢɢ 10–6γ ɦɤɦ ɦɟɬɨɞɨɦ ɫɟɥɟɤɬɢɜɧɨɝɨ ɥɚɡɟɪɧɨɝɨ ɫɩɥɚɜɥɟ-
ɧɢɹ (ɋɅɋ) ɧɚ ɭɫɬɚɧɨɜɤɟ CШЧМОЩЭδКsОr εβ CЮsТЧР (Ƚɟɪɦɚɧɢɹ). ɋɢɧɬɟɡɢɪɨɜɚɧɧɵɣ ɦɚɬɟɪɢ-
ɚɥ ɩɨɞɜɟɪɝɚɥɢ ɝɚɡɨɫɬɚɬɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɟ (Ƚɂɉ) ɧɚ ɝɚɡɨɫɬɚɬɟ «Ʉɜɢɧɬɭɫ-16» ɮɢɪɦɵ 
χSEχ (ɒɜɟɰɢɹ) Д10Ж. 

ȼɵɛɨɪ ɩɪɢɩɨɹ ɩɪɨɜɨɞɢɥɢ ɢɫɯɨɞɹ ɢɡ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ ɢɡɝɨɬɨɜɥɟɧɢɹ ɢ 
ɭɫɥɨɜɢɣ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢɡɞɟɥɢɣ. ȼ ɩɪɨɰɟɫɫɟ ɢɡɝɨɬɨɜɥɟɧɢɹ ɢɡɞɟɥɢɹ ɢɡ ɫɩɥɚɜɚ ɧɚ ɤɨɛɚɥɶ-
ɬɨɜɨɣ ɨɫɧɨɜɟ ɩɨɞɜɟɪɝɚɥɢ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1160 ɋ, ɜ ɩɪɨɰɟɫɫɟ 
ɪɚɛɨɬɵ ɬɟɦɩɟɪɚɬɭɪɚ ɝɨɬɨɜɵɯ ɢɡɞɟɥɢɣ ɞɨɫɬɢɝɚɟɬ 1000 ɋ. ɂɫɯɨɞɹ ɢɡ ɜɵɲɟɩɪɢɜɟɞɟɧɧɵɯ 
ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɭɫɥɨɜɢɣ, ɞɥɹ ɨɩɪɨɛɨɜɚɧɢɹ ɜɵɛɪɚɧɵ ɩɪɢɩɨɢ ȼɉɪβ7, ȼɉɪ4β ɢ ȼɉɪ50.  

ɉɪɢ ɜɵɛɨɪɟ ɨɩɬɢɦɚɥɶɧɨɝɨ ɩɪɢɩɨɹ ɢ ɬɟɯɧɨɥɨɝɢɢ ɩɚɣɤɢ ɢɫɫɥɟɞɨɜɚɥɢ ɦɢɤɪɨɫɬɪɭɤ-
ɬɭɪɭ ɢ ɩɪɨɱɧɨɫɬɶ ɩɚɹɧɵɯ ɫɨɟɞɢɧɟɧɢɣ, ɚ ɬɚɤɠɟ ɩɪɨɜɨɞɢɥɢ ɨɰɟɧɤɭ ɠɚɪɨɫɬɨɣɤɨɫɬɢ ɩɚɹ-
ɧɵɯ ɫɨɟɞɢɧɟɧɢɣ. ɂɫɫɥɟɞɨɜɚɧɢɟ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɩɚɹɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɩɪɨɜɨɞɢɥɢ ɧɚ ɦɟ-
ɬɚɥɥɨɝɪɚɮɢɱɟɫɤɨɦ ɨɩɬɢɱɟɫɤɨɦ ɦɢɤɪɨɫɤɨɩɟ τХвЦЩЮs GБ51 ɢ ɷɥɟɤɬɪɨɧɧɨɦ ɪɚɫɬɪɨɜɨɦ 
ɦɢɤɪɨɫɤɨɩɟ. Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɢ ɨɰɟɧɤɢ ɠɚɪɨɫɬɨɣɤɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɥɢ 
ɲɥɢɮɨɜɚɧɧɵɟ ɩɥɚɫɬɢɧɤɢ ɪɚɡɦɟɪɨɦ 15×γ0×4 ɦɦ ɢɡ ɫɩɥɚɜɚ ɧɚ ɨɫɧɨɜɟ ɤɨɛɚɥɶɬɚ, ɩɨɥɭɱɟɧ-
ɧɵɟ ɦɟɬɨɞɨɦ ɋɅɋ. ɉɥɚɫɬɢɧɤɢ ɩɨɩɚɪɧɨ ɫɩɚɢɜɚɥɢ ɜɧɚɯɥɟɫɬ. ɉɨɫɥɟ ɩɚɣɤɢ ɢ ɬɟɪɦɢɱɟɫɤɨɣ 
ɨɛɪɚɛɨɬɤɢ ɨɛɪɚɡɰɵ ɪɚɡɪɟɡɚɥɢ ɜɞɨɥɶ ɢ ɢɫɫɥɟɞɨɜɚɥɢ ɦɢɤɪɨɫɬɪɭɤɬɭɪɭ.  

Ɉɩɪɟɞɟɥɟɧɢɟ ɩɪɨɱɧɨɫɬɢ ɩɚɹɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɩɪɨɜɨɞɢɥɢ ɧɚ ɨɛɪɚɡɰɚɯ ɬɢɩɚ  
ɇ0γ-0β5, ɜɵɪɚɳɟɧɧɵɯ ɢɡ ɡɚɝɨɬɨɜɨɤ ɫɩɥɚɜɚ ɧɚ ɨɫɧɨɜɟ ɤɨɛɚɥɶɬɚ ɦɟɬɨɞɨɦ ɋɅɋ. ɉɨɥɭɱɟɧ-
ɧɵɟ ɨɛɪɚɡɰɵ ɪɚɡɪɟɡɚɥɢ ɩɨɫɟɪɟɞɢɧɟ ɦɟɬɨɞɨɦ ɷɥɟɤɬɪɨɷɪɨɡɢɨɧɧɨɣ ɪɟɡɤɢ ɫ ɩɨɫɥɟɞɭɸɳɟɣ 
ɲɥɢɮɨɜɤɨɣ ɫɨɟɞɢɧɢɬɟɥɶɧɵɯ ɬɨɪɰɨɜ ɢ ɩɚɣɤɨɣ ɜɫɬɵɤ. ɉɨɫɥɟ ɱɟɝɨ ɢɡ ɡɚɝɨɬɨɜɨɤ ɜɵɬɚɱɢɜɚ-
ɥɢ ɨɛɪɚɡɰɵ ɬɢɩɚ ɇ0γ-0β5 ɫ ɪɚɛɨɱɟɣ ɱɚɫɬɶɸ ɞɢɚɦɟɬɪɨɦ 5 ɦɦ. ɍɜɟɥɢɱɟɧɧɵɣ ɞɢɚɦɟɬɪ ɪɚ-
ɛɨɱɟɣ ɱɚɫɬɢ ɡɚɝɨɬɨɜɨɤ ɧɟɨɛɯɨɞɢɦ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɫɨɨɫɧɨɫɬɢ ɫɨɟɞɢɧɹɟɦɵɯ ɩɨɥɨɜɢɧɨɤ 
ɢ ɢɫɤɥɸɱɟɧɢɹ ɢɡ ɪɚɛɨɱɟɣ ɱɚɫɬɢ ɨɛɪɚɡɰɨɜ ɤɪɚɟɜɵɯ ɞɟɮɟɤɬɨɜ. Ɉɛɪɚɡɰɵ ɢɫɩɵɬɵɜɚɥɢ ɧɚ 
ɞɥɢɬɟɥɶɧɭɸ ɢ ɤɪɚɬɤɨɜɪɟɦɟɧɧɭɸ ɩɪɨɱɧɨɫɬɶ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ β0–1100 ɋ. 

 
Ɋɟɡɭɥɶɬɚɬɵ ɢ ɨɛɫɭɠɞɟɧɢɟ 

Ⱦɥɹ ɨɰɟɧɤɢ ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɩɪɢɩɨɟɜ ɧɚ ɨɫɧɨɜɟ ɧɢɤɟɥɹ ɢɫɫɥɟɞɨɜɚɧɵ 
ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɩɚɹɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɫɩɥɚɜɚ ɧɚ ɨɫɧɨɜɟ ɤɨɛɚɥɶɬɚ. ɏɚɪɚɤɬɟɪɧɵɟ ɦɢɤɪɨ-
ɫɬɪɭɤɬɭɪɵ ɩɚɹɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɫɩɥɚɜɚ, ɜɵɩɨɥɧɟɧɧɵɯ ɪɚɡɥɢɱɧɵɦɢ ɩɪɢɩɨɹɦɢ ɧɚ ɨɫɧɨɜɟ 
ɧɢɤɟɥɹ, ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 1–3. 
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Ɋɢɫ. 1. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɩɚɹɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɫɩɥɚɜɚ, ɜɵɩɨɥɧɟɧɧɨɝɨ ɩɪɢɩɨɟɦ ȼɉɪβ7 

 

 
Ɋɢɫ. β. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɩɚɹɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɫɩɥɚɜɚ, ɜɵɩɨɥɧɟɧɧɨɝɨ ɩɪɢɩɨɟɦ ȼɉɪ4β 

 

 
Ɋɢɫ. γ. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɩɚɹɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɫɩɥɚɜɚ, ɜɵɩɨɥɧɟɧɧɨɝɨ ɩɪɢɩɨɟɦ ȼɉɪ50 

 
Ʉɚɤ ɜɢɞɧɨ ɢɡ ɩɪɢɜɟɞɟɧɧɵɯ ɮɨɬɨɝɪɚɮɢɣ ɦɢɤɪɨɫɬɪɭɤɬɭɪ, ɩɪɢɩɨɣ ȼɉɪβ7 ɮɨɪɦɢ-

ɪɭɟɬ ɧɚ ɫɩɥɚɜɟ ɡɧɚɱɢɬɟɥɶɧɭɸ ɞɢɮɮɭɡɢɨɧɧɭɸ ɡɨɧɭ (ɞɨ 70 ɦɤɦ), ɤɨɬɨɪɚɹ ɨɛɪɚɡɭɟɬɫɹ ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɛɨɪɚ ɢɡ ɩɪɢɩɨɹ ɜ ɨɫɧɨɜɧɨɣ ɦɚɬɟɪɢɚɥ, ɝɞɟ, ɩɨ-ɜɢɞɢɦɨɦɭ, 
ɮɨɪɦɢɪɭɸɬɫɹ ɫɥɨɠɧɵɟ ɛɨɪɢɞɵ ɜɨɥɶɮɪɚɦɚ. ȼ ɩɪɨɰɟɫɫɟ ɩɚɣɤɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɹɯ ɨɫɧɨɜɧɨ-
ɝɨ ɦɚɬɟɪɢɚɥɚ ɮɨɪɦɢɪɭɟɬɫɹ ɩɥɨɬɧɚɹ ɩɪɨɫɥɨɣɤɚ ɡɟɪɟɧ ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ, ɪɚɡɞɟɥɟɧɧɚɹ ɩɨ-
ɫɟɪɟɞɢɧɟ ɩɚɹɧɨɝɨ ɲɜɚ ɷɜɬɟɤɬɢɱɟɫɤɨɣ ɩɪɨɫɥɨɣɤɨɣ. ɇɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɪɢɩɨɣ 
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ȼɉɪβ7 ɨɤɚɡɵɜɚɟɬ ɫɭɳɟɫɬɜɟɧɧɨɟ ɷɪɨɡɢɨɧɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɫɩɥɚɜ, ɞɨɫɬɢɝɚɸɳɟɟ ɜ ɝɥɭ-
ɛɢɧɭ 60 ɦɤɦ ɜ ɝɚɥɬɟɥɶɧɨɣ ɱɚɫɬɢ ɩɚɹɧɨɝɨ ɲɜɚ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɩɚɹɧɵɣ ɲɨɜ ɨɛɨɝɚɳɚ-
ɟɬɫɹ ɤɨɦɩɨɧɟɧɬɚɦɢ ɫɩɥɚɜɚ, ɬɚɤɢɦɢ ɤɚɤ ɤɨɛɚɥɶɬ, ɯɪɨɦ ɢ ɜɨɥɶɮɪɚɦ, ɱɬɨ ɦɨɠɟɬ ɩɨɥɨɠɢ-
ɬɟɥɶɧɨ ɩɨɜɥɢɹɬɶ ɧɚ ɠɚɪɨɫɬɨɣɤɨɫɬɶ ɢ ɩɪɨɱɧɨɫɬɶ ɩɚɹɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ. ɉɪɢɦɟɧɟɧɢɟ  
ɝɨɦɨɝɟɧɢɡɢɪɭɸɳɟɣ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɩɚɹɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɦɨɠɟɬ ɡɧɚɱɢɬɟɥɶɧɨ 
ɩɨɜɵɫɢɬɶ ɩɪɨɱɧɨɫɬɶ ɩɚɹɧɨɝɨ ɲɜɚ ɡɚ ɫɱɟɬ ɪɚɫɬɜɨɪɟɧɢɹ ɷɜɬɟɤɬɢɱɟɫɤɢɯ ɫɨɫɬɚɜɥɹɸɳɢɯ  
ɜ ɫɟɪɟɞɢɧɟ ɩɚɹɧɨɝɨ ɲɜɚ. 

ɉɪɢɩɨɢ ȼɉɪ4β ɢ ȼɉɪ50 ɜ ɨɬɥɢɱɢɟ ɨɬ ɩɪɢɩɨɹ ȼɉɪβ7 ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɮɨɪɦɢɪɭɸɬ 
ɞɢɮɮɭɡɢɨɧɧɭɸ ɡɨɧɭ (<γ0 ɦɤɦ) ɢ ɧɟ ɨɤɚɡɵɜɚɸɬ ɫɭɳɟɫɬɜɟɧɧɨɝɨ ɷɪɨɡɢɨɧɧɨɝɨ ɜɨɡɞɟɣ-
ɫɬɜɢɹ. ɉɨɷɬɨɦɭ ɝɪɚɧɢɰɵ ɩɚɹɧɨɝɨ ɲɜɚ ɫ ɨɫɧɨɜɧɵɦ ɦɚɬɟɪɢɚɥɨɦ ɦɨɝɭɬ ɨɛɥɚɞɚɬɶ ɧɟɜɵ-
ɫɨɤɨɣ ɩɪɨɱɧɨɫɬɶɸ. ȼɟɥɢɱɢɧɚ ɩɪɨɫɥɨɣɤɢ ɡɟɪɟɧ ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ ɧɚ ɫɨɟɞɢɧɢɬɟɥɶɧɵɯ 
ɩɨɜɟɪɯɧɨɫɬɹɯ ɬɚɤɠɟ ɧɟɛɨɥɶɲɚɹ ɢ ɜɨ ɦɧɨɝɢɯ ɦɟɫɬɚɯ ɩɟɪɟɪɟɡɚɟɬɫɹ ɷɜɬɟɤɬɢɱɟɫɤɢɦɢ 
ɜɤɥɸɱɟɧɢɹɦɢ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɧɟɜɵɫɨɤɨɣ ɫɤɥɨɧɧɨɫɬɢ ɞɚɧɧɵɯ ɩɪɢɩɨɟɜ ɤ ɞɢɮ-
ɮɭɡɢɨɧɧɨɦɭ ɨɬɜɟɪɠɞɟɧɢɸ ɧɚ ɫɩɥɚɜɟ. ɉɨɷɬɨɦɭ ɝɨɦɨɝɟɧɢɡɢɪɭɸɳɚɹ ɬɟɪɦɢɱɟɫɤɚɹ ɨɛɪɚ-
ɛɨɬɤɚ ɧɟ ɩɨɡɜɨɥɢɬ ɡɧɚɱɢɬɟɥɶɧɨ ɩɨɜɵɫɢɬɶ ɩɪɨɱɧɨɫɬɶ ɩɚɹɧɨɝɨ ɲɜɚ. 

ɂɡ-ɡɚ ɡɧɚɱɢɬɟɥɶɧɨɣ ɪɚɡɧɢɰɵ ɜ ɫɢɫɬɟɦɚɯ ɥɟɝɢɪɨɜɚɧɢɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɞɢɮɮɭɡɢɨɧɧɨ-
ɝɨ ɜɡɚɢɦɨɨɛɦɟɧɚ ɥɟɝɢɪɭɸɳɢɦɢ ɷɥɟɦɟɧɬɚɦɢ, ɩɪɢ ɩɚɣɤɟ ɩɪɢɩɨɹɦɢ ɧɚ ɨɫɧɨɜɟ ɧɢɤɟɥɹ 
ɫɩɥɚɜɚ ɧɚ ɨɫɧɨɜɟ ɤɨɛɚɥɶɬɚ ɠɚɪɨɫɬɨɣɤɨɫɬɶ ɩɚɹɧɨɝɨ ɲɜɚ ɢ ɨɤɨɥɨɲɨɜɧɵɯ ɡɨɧ ɦɨɠɟɬ ɡɧɚ-
ɱɢɬɟɥɶɧɨ ɦɟɧɹɬɶɫɹ. ɉɨɷɬɨɦɭ ɩɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɮɚɡ ɩɚɹɧɨɝɨ 
ɲɜɚ ɩɨɫɥɟ ɝɨɦɨɝɟɧɢɡɢɪɭɸɳɟɣ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɩɚɹɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɜ ɬɟɱɟɧɢɟ 
2 ɱ. ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɨɞɢɥɢ ɦɟɬɨɞɨɦ ɦɢɤɪɨɪɟɧɬɝɟɧɨɫɩɟɤɬɪɚɥɶɧɨɝɨ ɚɧɚɥɢɡɚ ɧɚ ɪɚɫɬɪɨ-
ɜɨɦ ɷɥɟɤɬɪɨɧɧɨɦ ɦɢɤɪɨɫɤɨɩɟ. Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 4–6  
ɢ ɜ ɬɚɛɥ. β. 
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Ƚɥɭɛɢɧɚ ɩɚɹɧɨɝɨ ɲɜɚ, ɦɤɦ  
Ɋɢɫ. 4. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɥɟɝɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ ɜ ɩɚɹɧɨɦ ɲɜɟ ɫɩɥɚɜɚ, ɜɵɩɨɥɧɟɧɧɨɦ ɩɪɢɩɨɟɦ 

ȼɉɪβ7 
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Ƚɥɭɛɢɧɚ ɩɚɹɧɨɝɨ ɲɜɚ, ɦɤɦ  
Ɋɢɫ. 5. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɥɟɝɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ ɜ ɩɚɹɧɨɦ ɲɜɟ ɫɩɥɚɜɚ, ɜɵɩɨɥɧɟɧɧɨɦ ɩɪɢɩɨɟɦ 

ȼɉɪ4β 
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Ƚɥɭɛɢɧɚ ɩɚɹɧɨɝɨ ɲɜɚ, ɦɤɦ  
Ɋɢɫ. 6. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɥɟɝɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ ɜ ɩɚɹɧɨɦ ɲɜɟ ɫɩɥɚɜɚ, ɜɵɩɨɥɧɟɧɧɨɦ ɩɪɢɩɨɟɦ 

ȼɉɪ50 
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Ɍɚɛɥɢɰɚ 2 
ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɮɚɡ ɩɚɹɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɫɩɥɚɜɚ  

ɧɚ ɨɫɧɨɜɟ ɤɨɛɚɥɶɬɚ, ɜɵɩɨɥɧɟɧɧɵɯ ɩɪɢɩɨɹɦɢ ɧɚ ɨɫɧɨɜɟ ɧɢɤɟɥɹ 

ȼɢɞ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ 
ɋɨɞɟɪɠɚɧɢɟ ɷɥɟɦɟɧɬɚ, % (ɩɨ ɦɚɫɫɟ) 

Co Ni Cr W Ta Mo Al  Nb B* Si 

ɉɪɢɩɨɣ ȼɉɪβ7 

Ɂɟɪɧɚ ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ 28,1 44,1 17,8 8,4 – – 1,5 – – – 

ȼɵɞɟɥɟɧɢɹ ɩɨ ɝɪɚɧɢɰɚɦ ɡɟɪɟɧ 20,0 12,6 10,5 42,1 7,4 2,1 – 5,3 + – 

ɉɪɢɩɨɣ ȼɉɪ4β 

Ɂɟɪɧɚ ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ 21,7 54,3 13,8 84,9 – – 1,3 – – 3,9 

ȼɵɞɟɥɟɧɢɹ ɩɨ ɝɪɚɧɢɰɚɦ ɡɟɪɟɧ 1 12,5 46,5 4,5 5,7 5,7 3,4 – 11,4 – 11,4 

ȼɵɞɟɥɟɧɢɹ ɩɨ ɝɪɚɧɢɰɚɦ ɡɟɪɟɧ β 9,6 8,7 48,1 28,8 – 4,8 – – + – 

ɉɪɢɩɨɣ ȼɉɪ50 

Ɂɟɪɧɚ ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ 16,8 54,5 21,8 – – 3,0 – – – 4,0 

ȼɵɞɟɥɟɧɢɹ ɩɨ ɝɪɚɧɢɰɚɦ ɡɟɪɟɧ 1 8,9 46,7 3,3 1,1 6,7 7,8 – 14,4 – 11,1 

ȼɵɞɟɥɟɧɢɹ ɩɨ ɝɪɚɧɢɰɚɦ ɡɟɪɟɧ β 16,5 57,1 19,8 – – 1,1 – – + 5,5 

* ȼɜɢɞɭ ɦɚɥɨɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɦɟɬɨɞɚ ɫɨɞɟɪɠɚɧɢɟ ɛɨɪɚ ɜ ɮɚɡɚɯ ɤɨɥɢɱɟɫɬɜɟɧɧɨ ɧɟ ɨɩɪɟɞɟɥɹɥɨɫɶ. 

 
Ʉɚɤ ɜɢɞɧɨ ɢɡ ɩɪɢɜɟɞɟɧɧɵɯ ɞɚɧɧɵɯ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɝɨɦɨɝɟɧɢɡɢɪɭɸɳɟɣ ɬɟɪɦɢɱɟ-

ɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɩɪɨɢɫɯɨɞɢɬ ɜɡɚɢɦɨɨɛɦɟɧ ɧɢɤɟɥɹ ɢ ɤɨɛɚɥɶɬɚ ɦɟɠɞɭ ɨɫɧɨɜɧɵɦ ɦɚɬɟɪɢɚ-
ɥɨɦ ɢ ɩɚɹɧɵɦ ɲɜɨɦ. ɏɪɨɦ ɢɡ ɫɩɥɚɜɚ ɞɢɮɮɭɧɞɢɪɭɟɬ ɜ ɩɚɹɧɵɣ ɲɨɜ, ɩɪɢɱɟɦ ɧɚɢɛɨɥɟɟ 
ɚɤɬɢɜɧɨ ‒ ɜ ɲɨɜ, ɜɵɩɨɥɧɟɧɧɵɣ ɩɪɢɩɨɟɦ ȼɉɪβ7 (ɢɡ-ɡɚ ɜɵɫɨɤɨɣ ɷɪɨɡɢɨɧɧɨɣ ɚɤɬɢɜɧɨɫɬɢ 
ɷɬɨɝɨ ɩɪɢɩɨɹ), ɚ ɧɚɢɦɟɧɟɟ ɚɤɬɢɜɧɨ – ɜ ɲɨɜ, ɜɵɩɨɥɧɟɧɧɵɣ ɩɪɢɩɨɟɦ ȼɉɪ50 (ɢɡ-ɡɚ 
ɧɚɢɦɟɧɶɲɟɣ ɪɚɡɧɢɰɵ ɜ ɫɨɞɟɪɠɚɧɢɢ ɯɪɨɦɚ ɜ ɩɪɢɩɨɟ ɢ ɨɫɧɨɜɧɨɦ ɦɚɬɟɪɢɚɥɟ). Ȼɨɪ ɚɤɬɢɜ-
ɧɨ ɞɢɮɮɭɧɞɢɪɭɟɬ ɜ ɫɩɥɚɜ ɧɚ ɨɫɧɨɜɟ ɤɨɛɚɥɶɬɚ, ɮɨɪɦɢɪɭɹ ɜ ɨɫɧɨɜɧɨɦ ɦɚɬɟɪɢɚɥɟ ɫɥɨɠ-
ɧɵɟ ɤɚɪɛɨɛɨɪɢɞɵ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɩɨ ɝɪɚɧɢɰɚɦ ɡɟɪɟɧ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɜ ɩɚɹɧɨɦ ɲɜɟ 
ɨɫɬɚɟɬɫɹ ɦɢɧɢɦɚɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɛɨɪɢɞɨɜ ɢ ɩɨɱɬɢ ɩɨɥɧɨɫɬɶɸ ɨɬɫɭɬɫɬɜɭɟɬ ɛɨɪɢɞɧɚɹ 
ɷɜɬɟɤɬɢɤɚ. Ʉɪɟɦɧɢɣ ɜ ɨɬɥɢɱɢɟ ɨɬ ɛɨɪɚ ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɥɧɨɫɬɶɸ ɨɫɬɚɟɬɫɹ ɜ ɩɚɹɧɨɦ ɲɜɟ, 
ɨɛɪɚɡɭɹ ɫɥɨɠɧɵɟ ɷɜɬɟɤɬɢɱɟɫɤɢɟ ɫɬɪɭɤɬɭɪɵ ɫɢɫɬɟɦɵ (Ni, W, Ta, Mo)–(Nb, Si). ɋɨɞɟɪɠɚ-
ɧɢɟ ɜɨɥɶɮɪɚɦɚ ɜ ɩɚɹɧɨɦ ɲɜɟ, ɧɟɫɦɨɬɪɹ ɧɚ ɫɭɳɟɫɬɜɟɧɧɭɸ ɪɚɡɧɢɰɭ ɜ ɫɨɞɟɪɠɚɧɢɢ 
(12 % – ɞɥɹ ɩɪɢɩɨɹ ȼɉɪ50), ɫɭɳɟɫɬɜɟɧɧɨ ɧɟ ɦɟɧɹɟɬɫɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɩɚɹɧɵɣ ɲɨɜ, ɜɵɩɨɥɧɟɧɧɵɣ ɩɪɢɩɨɟɦ ȼɉɪβ7, ɞɨɥɠɟɧ ɫɭɳɟ-
ɫɬɜɟɧɧɨ ɭɩɪɨɱɧɹɬɶɫɹ ɡɚ ɫɱɟɬ ɞɢɮɮɭɡɢɢ ɛɨɪɚ ɜ ɨɬɥɢɱɢɟ ɨɬ ɩɚɹɧɵɯ ɫɨɟɞɢɧɟɧɢɣ, ɜɵɩɨɥ-
ɧɟɧɧɵɯ ɩɪɢɩɨɹɦɢ ȼɉɪ4β ɢ ȼɉɪ50, ɜ ɤɨɬɨɪɵɯ ɨɫɧɨɜɧɨɣ ɞɟɩɪɟɫɫɚɧɬ (ɤɪɟɦɧɢɣ) ɩɪɚɤɬɢ-
ɱɟɫɤɢ ɧɟ ɞɢɮɮɭɧɞɢɪɭɟɬ ɜ ɨɫɧɨɜɧɨɣ ɦɚɬɟɪɢɚɥ. ȼ ɩɪɨɰɟɫɫɟ ɝɨɦɨɝɟɧɢɡɢɪɭɸɳɟɣ ɬɟɪɦɢɱɟ-
ɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɠɚɪɨɫɬɨɣɤɨɫɬɶ ɩɚɹɧɨɝɨ ɲɜɚ, ɜɵɩɨɥɧɟɧɧɨɝɨ ɩɪɢɩɨɟɦ ȼɉɪβ7, ɬɚɤɠɟ 
ɞɨɥɠɧɚ ɭɜɟɥɢɱɢɜɚɬɶɫɹ ɡɚ ɫɱɟɬ ɫɭɳɟɫɬɜɟɧɧɨɝɨ ɨɛɨɝɚɳɟɧɢɹ ɯɪɨɦɨɦ.  

Ⱦɥɹ ɩɪɨɜɟɪɤɢ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɩɚɹɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɜ ɭɫɥɨɜɢɹɯ ɨɤɢɫɥɢɬɟɥɶɧɨɣ 
ɚɬɦɨɫɮɟɪɵ ɩɪɨɜɟɞɟɧɚ ɨɰɟɧɤɚ ɠɚɪɨɫɬɨɣɤɨɫɬɢ ɩɚɹɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɫɩɥɚɜɚ ɧɚ ɨɫɧɨɜɟ ɤɨ-
ɛɚɥɶɬɚ, ɜɵɩɨɥɧɟɧɧɵɯ ɪɚɡɥɢɱɧɵɦɢ ɩɪɢɩɨɹɦɢ. Ⱦɟɬɚɥɢ ɢɡ ɫɩɥɚɜɚ ɧɚ ɨɫɧɨɜɟ ɤɨɛɚɥɶɬɚ 
ɞɨɥɠɧɵ ɞɥɢɬɟɥɶɧɨ ɪɚɛɨɬɚɬɶ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɞɨ 1000 ɋ ɢ ɨɛɟɫɩɟɱɢɜɚɬɶ ɫɨɯɪɚɧɟɧɢɟ 
ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɩɪɢ ɡɚɛɪɨɫɚɯ ɬɟɦɩɟɪɚɬɭɪɵ ɞɨ 1100 ɋ. ɉɨɷɬɨɦɭ ɨɰɟɧɤɭ ɠɚɪɨɫɬɨɣ-
ɤɨɫɬɢ ɩɪɨɜɨɞɢɥɢ ɧɚ ɩɚɹɧɵɯ ɫɨɟɞɢɧɟɧɢɹɯ ɫɩɥɚɜɚ ɧɚ ɨɫɧɨɜɟ ɤɨɛɚɥɶɬɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 
1000 (ɜ ɬɟɱɟɧɢɟ 100 ɱ) ɢ 1100 ɋ (ɜ ɬɟɱɟɧɢɟ β ɱ). Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɩɚɹɧɵɯ ɫɨɟɞɢɧɟɧɢɣ 
ɩɨɫɥɟ ɢɫɩɵɬɚɧɢɣ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 7–9. 
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ɛ)ɚ)

 
Ɋɢɫ. 7. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɩɚɹɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɫɩɥɚɜɚ, ɜɵɩɨɥɧɟɧɧɵɯ ɩɪɢɩɨɟɦ ȼɉɪβ7, ɩɨɫɥɟ ɢɫɩɵ-

ɬɚɧɢɣ ɧɚ ɠɚɪɨɫɬɨɣɤɨɫɬɶ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 1000 ɋ ɜ ɬɟɱɟɧɢɟ 100 ɱ (ɚ) ɢ 1100 ɋ ɜ ɬɟɱɟɧɢɟ β ɱ (ɛ) 
 

ɛ)ɚ)

 
Ɋɢɫ. κ. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɩɚɹɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɫɩɥɚɜɚ, ɜɵɩɨɥɧɟɧɧɵɯ ɩɪɢɩɨɟɦ ȼɉɪ4β, ɩɨɫɥɟ ɢɫɩɵ-

ɬɚɧɢɣ ɧɚ ɠɚɪɨɫɬɨɣɤɨɫɬɶ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 1000 ɋ ɜ ɬɟɱɟɧɢɟ 100 ɱ (ɚ) ɢ 1100 ɋ ɜ ɬɟɱɟɧɢɟ β ɱ (ɛ) 
 

ɛ)ɚ)

 
Ɋɢɫ. λ. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɩɚɹɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɫɩɥɚɜɚ, ɜɵɩɨɥɧɟɧɧɵɯ ɩɪɢɩɨɟɦ ȼɉɪ50, ɩɨɫɥɟ ɢɫɩɵ-

ɬɚɧɢɣ ɧɚ ɠɚɪɨɫɬɨɣɤɨɫɬɶ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 1000 ɋ ɜ ɬɟɱɟɧɢɟ 100 ɱ (ɚ) ɢ 1100 ɋ ɜ ɬɟɱɟɧɢɟ β ɱ (ɛ) 
 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɩɪɢɜɟɞɟɧɧɵɯ ɮɨɬɨɝɪɚɮɢɣ, ɩɚɹɧɨɟ ɫɨɟɞɢɧɟɧɢɟ ɫɩɥɚɜɚ, ɜɵɩɨɥɧɟɧɧɨɟ 
ɩɪɢɩɨɟɦ ȼɉɪβ7, ɧɟ ɩɪɟɬɟɪɩɟɥɨ ɤɚɤɢɯ-ɥɢɛɨ ɢɡɦɟɧɟɧɢɣ ɩɪɢ ɧɚɝɪɟɜɟ ɧɚ ɜɨɡɞɭɯɟ ɤɚɤ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ 1000 ɋ, ɬɚɤ ɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1100 ɋ. ɋɥɟɞɵ ɜɵɝɨɪɚɧɢɹ ɩɪɢɩɨɹ ɨɬɫɭɬ-
ɫɬɜɭɸɬ ɤɚɤ ɜ ɝɚɥɬɟɥɶɧɨɦ ɭɱɚɫɬɤɟ, ɬɚɤ ɢ ɜ ɩɚɹɧɨɦ ɲɜɟ.  

ɇɚ ɩɚɹɧɨɦ ɫɨɟɞɢɧɟɧɢɢ, ɜɵɩɨɥɧɟɧɧɨɦ ɩɪɢɩɨɟɦ ȼɉɪ4β, ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1000 ɋ 
ɜɢɞɧɵ ɫɥɟɞɵ ɜɵɝɨɪɚɧɢɹ ɩɪɢɩɨɹ ɜ ɝɚɥɬɟɥɶɧɨɦ ɭɱɚɫɬɤɟ ɩɚɹɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ, ɚ ɩɪɢ ɬɟɦ-
ɩɟɪɚɬɭɪɟ 1100 ɋ ɩɪɨɢɡɨɲɥɨ ɩɨɥɧɨɟ ɜɵɝɨɪɚɧɢɟ ɩɚɹɧɨɝɨ ɲɜɚ ɢ ɞɟɝɪɚɞɚɰɢɹ ɫɩɥɚɜɚ ɜ 
ɞɢɮɮɭɡɢɨɧɧɨɣ ɡɨɧɟ ɩɚɹɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ. 

ɇɚ ɩɚɹɧɨɦ ɫɨɟɞɢɧɟɧɢɢ, ɜɵɩɨɥɧɟɧɧɨɦ ɩɪɢɩɨɟɦ ȼɉɪ50, ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1000 ɋ 
ɬɚɤɠɟ ɜɢɞɧɵ ɧɟɛɨɥɶɲɢɟ ɫɥɟɞɵ ɜɵɝɨɪɚɧɢɹ ɩɪɢɩɨɹ ɜ ɝɚɥɬɟɥɶɧɨɦ ɭɱɚɫɬɤɟ ɩɪɢɩɨɹ, ɚ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ 1100 ɋ ɝɥɭɛɢɧɚ ɜɵɝɨɪɚɧɢɹ ɩɚɹɧɨɝɨ ɲɜɚ ɞɨɫɬɢɝɥɚ β50 ɦɤɦ. 
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Ɍɚɤɨɟ ɜɵɝɨɪɚɧɢɟ ɩɪɢɩɨɟɜ ȼɉɪ4β ɢ ȼɉɪ50 ɧɟ ɯɚɪɚɤɬɟɪɧɨ ɩɪɢ ɢɯ ɩɪɢɦɟɧɟɧɢɢ ɧɚ 
ɧɢɤɟɥɟɜɵɯ ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɚɯ. ɉɨ-ɜɢɞɢɦɨɦɭ, ɷɬɨ ɜɵɡɜɚɧɨ ɢɡɦɟɧɟɧɢɟɦ ɯɢɦɢɱɟɫɤɨɝɨ 
ɫɨɫɬɚɜɚ ɩɚɹɧɨɝɨ ɲɜɚ ɜ ɩɪɨɰɟɫɫɟ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ – ɜ ɱɚɫɬɧɨɫɬɢ, ɡɧɚɱɢɬɟɥɶɧɵɦ 
ɭɜɟɥɢɱɟɧɢɟɦ ɫɨɞɟɪɠɚɧɢɹ ɤɨɛɚɥɶɬɚ ɢ ɨɬɫɭɬɫɬɜɢɟɦ ɞɢɮɮɭɡɢɢ ɤɪɟɦɧɢɹ ɜ ɨɫɧɨɜɧɨɣ ɦɚɬɟ-
ɪɢɚɥ, ɤɨɬɨɪɭɸ ɛɥɨɤɢɪɭɸɬ ɤɚɪɛɨɛɨɪɢɞɵ, ɨɛɪɚɡɨɜɚɜɲɢɟɫɹ ɜ ɞɢɮɮɭɡɢɨɧɧɨɣ ɡɨɧɟ ɩɚɹɧɨɝɨ 
ɫɨɟɞɢɧɟɧɢɹ. 

Ⱦɥɹ ɞɚɥɶɧɟɣɲɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜɵɛɪɚɧ ɩɪɢɩɨɣ ȼɉɪβ7 – ɤɚɤ ɧɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤ-
ɬɢɜɧɵɣ. ɇɚ ɨɫɧɨɜɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɩɚɹɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɫɞɟɥɚɧɨ ɩɪɟɞɩɨ-
ɥɨɠɟɧɢɟ ɨ ɜɨɡɦɨɠɧɨɫɬɢ ɩɨɜɵɲɟɧɢɹ ɩɪɨɱɧɨɫɬɢ ɩɚɹɧɵɯ ɫɨɟɞɢɧɟɧɢɣ, ɜɵɩɨɥɧɟɧɧɵɯ ɩɪɢ-
ɩɨɟɦ ȼɉɪβ7, ɝɨɦɨɝɟɧɢɡɢɪɭɸɳɟɣ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɨɣ. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɨɩɬɢɦɚɥɶ-
ɧɵɯ ɪɟɠɢɦɨɜ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɢɡɝɨɬɨɜɥɟɧɵ ɩɚɹɧɵɟ ɨɛɪɚɡɰɵ ɢ ɩɨɞɜɟɪɝɧɭɬɵ ɬɟɪ-
ɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1100 ɋ. Ⱦɚɧɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜɵɛɪɚɧɚ ɤɚɤ ɦɚɤɫɢ-
ɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɚɹ, ɩɪɢ ɤɨɬɨɪɨɣ ɧɟ ɩɪɨɢɫɯɨɞɢɬ ɞɟɝɪɚɞɚɰɢɢ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɫɩɥɚɜɚ 
ɩɪɢ ɞɥɢɬɟɥɶɧɵɯ ɜɵɞɟɪɠɤɚɯ. Ɋɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. γ. 

 
Ɍɚɛɥɢɰɚ 3 

Ⱦɥɢɬɟɥɶɧɚɹ ɩɪɨɱɧɨɫɬɶ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 800 ɋ ɩɚɹɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɫɩɥɚɜɚ,  
ɜɵɩɨɥɧɟɧɧɵɯ ɩɪɢɩɨɟɦ ȼɉɪ27 

ɍɫɥɨɜɧɵɣ ɧɨɦɟɪ ɪɟɠɢɦɚ ɝɨɦɨɝɟɧɢɡɢ-
ɪɭɸɳɟɣ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ 

ȼɪɟɦɹ ɞɨ ɪɚɡɪɭɲɟɧɢɹ, ɱ, ɩɪɢ ɧɚɩɪɹɠɟɧɢɢ, Ɇɉɚ 
168 178 

1 298 132 
2 793 635 
3 768 344 

 
Ʉɚɤ ɜɢɞɧɨ ɢɡ ɩɪɢɜɟɞɟɧɧɵɯ ɞɚɧɧɵɯ, ɦɚɤɫɢɦɚɥɶɧɚɹ ɩɪɨɱɧɨɫɬɶ ɩɚɹɧɵɯ ɫɨɟɞɢɧɟɧɢɣ 

ɞɨɫɬɢɝɚɟɬɫɹ ɩɪɢ ɝɨɦɨɝɟɧɢɡɢɪɭɸɳɟɣ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɟ ɩɨ ɪɟɠɢɦɭ β. Ⱦɚɥɶɧɟɣɲɟɟ 
ɭɜɟɥɢɱɟɧɢɟ ɞɥɢɬɟɥɶɧɨɫɬɢ ɜɵɞɟɪɠɤɢ ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɩɪɨɱɧɨɫɬɢ ɩɚɹɧɵɯ ɫɨɟɞɢɧɟ-
ɧɢɣ. Ⱦɥɹ ɨɩɬɢɦɚɥɶɧɨɣ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɩɚɹɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɨɩɪɟɞɟɥɟɧɵ ɤɪɚɬɤɨ-
ɜɪɟɦɟɧɧɚɹ ɢ ɞɥɢɬɟɥɶɧɚɹ ɩɪɨɱɧɨɫɬɶ ɩɚɹɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɫɩɥɚɜɚ. Ɋɟɡɭɥɶɬɚɬɵ ɨɩɪɟɞɟɥɟɧɢɹ 
ɩɪɨɱɧɨɫɬɢ ɩɚɹɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. 4 ɢ 5. 

 
Ɍɚɛɥɢɰɚ 4 

Ʉɪɚɬɤɨɜɪɟɦɟɧɧɚɹ ɩɪɨɱɧɨɫɬɶ ɩɚɹɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɫɩɥɚɜɚ 

ɉɚɪɚɦɟɬɪ 
Ɂɧɚɱɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɢɫɩɵɬɚɧɢɹ, °ɋ 

20 600 800 900 1000 1100 
ɉɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ, 
Ɇɉɚ 

1100; 
1140 

740; 
750 

520; 
530 

300; 
300 

225; 
225 

180; 
175 

Ʉɨɷɮɮɢɰɢɟɧɬ ɨɫɥɚɛɥɟɧɢɹ ɩɚɹɧɨɝɨ 
ɫɨɟɞɢɧɟɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɩɥɚɜɚ 0,85 0,75 0,95 1,0 1,0 1,0 

 
Ɍɚɛɥɢɰɚ 5 

Ⱦɥɢɬɟɥɶɧɚɹ ɩɪɨɱɧɨɫɬɶ ɩɚɹɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɫɩɥɚɜɚ 
Ɍɟɦɩɟɪɚɬɭɪɚ ɢɫɩɵɬɚɧɢɹ, ɋ ɇɚɝɪɭɡɤɚ ɧɚ ɨɛɪɚɡɟɰ*, Ɇɉɚ ȼɪɟɦɹ ɞɨ ɪɚɡɪɭɲɟɧɢɹ, ɱ 

800 
178/0,85 208 
189/0,90 115 

1000 
31/0,62 183 
34/0,68 164 
36/0,72 92 

1100 
17/0,85 36 
20/1,0 34 

* ȼ ɡɧɚɦɟɧɚɬɟɥɟ ɩɪɢɜɟɞɟɧ ɤɨɷɮɮɢɰɢɟɧɬ ɨɫɥɚɛɥɟɧɢɹ ɩɚɹɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɩɥɚɜɚ. 
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Ʉɚɤ ɜɢɞɧɨ ɢɡ ɩɪɢɜɟɞɟɧɧɵɯ ɞɚɧɧɵɯ, ɩɪɨɱɧɨɫɬɶ ɩɚɹɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɫɩɥɚɜɚ ɧɚ ɨɫ-
ɧɨɜɟ ɤɨɛɚɥɶɬɚ, ɜɵɩɨɥɧɟɧɧɵɯ ɩɪɢɩɨɟɦ ȼɉɪβ7, ɧɚɯɨɞɢɬɫɹ ɧɚ ɜɵɫɨɤɨɦ ɭɪɨɜɧɟ ɢ ɫɨɩɨɫɬɚ-
ɜɢɦɚ ɫ ɩɪɨɱɧɨɫɬɶɸ ɨɫɧɨɜɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. 

 
Ɂɚɤɥɸɱɟɧɢɹ 

ȼ ɪɚɛɨɬɟ ɢɫɫɥɟɞɨɜɚɧɚ ɢ ɭɫɬɚɧɨɜɥɟɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ ɩɚɹɧɵɯ ɫɨɟɞɢɧɟɧɢɣ 
ɤɨɛɚɥɶɬɨɜɵɯ ɫɩɥɚɜɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɟɪɢɣɧɵɯ ɧɢɤɟɥɟɜɵɯ ɠɚɪɨɩɪɨɱɧɵɯ ɩɪɢɩɨɟɜ. ɂɫ-
ɩɨɥɶɡɨɜɚɧɢɟ ɞɥɹ ɩɚɣɤɢ ɤɨɛɚɥɶɬɨɜɵɯ ɫɩɥɚɜɨɜ ɧɢɤɟɥɟɜɵɯ ɫɥɨɠɧɨɥɟɝɢɪɨɜɚɧɧɵɯ ɩɪɢɩɨɟɜ ɫ 
ɜɵɫɨɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɤɪɟɦɧɢɹ ɬɢɩɚ ȼɉɪ4β ɢ ȼɉɪ50 ɧɟ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɵɦ, ɬɚɤ 
ɤɚɤ ɢɡɦɟɧɟɧɢɹ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɩɪɢɩɨɹ ɜ ɩɚɹɧɨɦ ɲɜɟ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɚɣɤɢ ɢ ɬɟɪɦɢɱɟ-
ɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɩɪɢɜɨɞɹɬ ɤ ɪɟɡɤɨɦɭ ɫɧɢɠɟɧɢɸ ɠɚɪɨɫɬɨɣɤɨɫɬɢ ɩɚɹɧɵɯ ɫɨɟɞɢɧɟɧɢɣ, ɱɬɨ, ɩɨ-
ɜɢɞɢɦɨɦɭ, ɜɵɡɜɚɧɨ ɨɛɨɝɚɳɟɧɢɟɦ ɫɨɫɬɚɜɚ ɩɚɹɧɨɝɨ ɲɜɚ ɤɨɛɚɥɶɬɨɦ ɩɪɢ ɫɨɯɪɚɧɟɧɢɢ ɜɵɫɨɤɨ-
ɝɨ ɫɨɞɟɪɠɚɧɢɹ ɤɪɟɦɧɢɹ ɢɡ-ɡɚ ɡɚɬɪɭɞɧɟɧɧɨɣ ɞɢɮɮɭɡɢɢ ɜ ɨɫɧɨɜɧɨɣ ɦɚɬɟɪɢɚɥ.  

ɉɪɢ ɩɚɣɤɟ ɩɪɢɩɨɟɦ ȼɉɪβ7, ɤɨɬɨɪɵɣ ɫɨɞɟɪɠɢɬ ɜ ɫɜɨɟɦ ɫɨɫɬɚɜɟ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟ-
ɫɬɜɨ ɛɨɪɚ ɢ ɧɟ ɫɨɞɟɪɠɢɬ ɤɪɟɦɧɢɣ, ɛɨɪ ɢɧɬɟɧɫɢɜɧɨ ɞɢɮɮɭɧɞɢɪɭɟɬ ɢɡ ɩɚɹɧɨɝɨ ɲɜɚ ɜ ɨɫ-
ɧɨɜɧɨɣ ɦɚɬɟɪɢɚɥ, ɝɞɟ ɫɜɹɡɵɜɚɟɬɫɹ ɫ ɜɨɥɶɮɪɚɦɨɦ ɜ ɭɫɬɨɣɱɢɜɵɟ ɤɚɪɛɨɛɨɪɢɞɵ, ɪɚɫɩɨɥɚ-
ɝɚɸɳɢɟɫɹ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɩɨ ɝɪɚɧɢɰɚɦ ɡɟɪɟɧ. Ɉɞɧɨɜɪɟɦɟɧɧɨ ɩɚɹɧɵɣ ɲɨɜ ɧɚɫɵɳɚɟɬ-
ɫɹ ɯɪɨɦɨɦ ɢɡ ɨɫɧɨɜɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. Ⱦɚɧɧɵɟ ɩɪɨɰɟɫɫɵ ɡɧɚɱɢɬɟɥɶɧɨ ɭɩɪɨɱɧɹɸɬ ɩɚɹɧɨɟ 
ɫɨɟɞɢɧɟɧɢɟ ɢ ɫɩɨɫɨɛɫɬɜɭɸɬ ɩɨɜɵɲɟɧɢɸ ɠɚɪɨɫɬɨɣɤɨɫɬɢ ɢ ɠɚɪɨɩɪɨɱɧɨɫɬɢ ɩɚɹɧɨɝɨ ɲɜɚ. 

ɇɚ ɨɫɧɨɜɟ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɪɚɡɪɚɛɨɬɚɧɚ ɬɟɯɧɨɥɨɝɢɹ ɩɚɣɤɢ ɢ ɬɟɪɦɢɱɟ-
ɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɩɚɹɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɫɩɥɚɜɚ ɧɚ ɨɫɧɨɜɟ ɤɨɛɚɥɶɬɚ, ɤɨɬɨɪɚɹ ɨɛɟɫɩɟɱɢɥɚ ɜɵ-
ɫɨɤɢɣ ɭɪɨɜɟɧɶ ɩɪɨɱɧɨɫɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɚɹɧɵɯ ɫɨɟɞɢɧɟɧɢɣ, ɫɨɩɨɫɬɚɜɢɦɵɣ ɫ ɩɪɨɱ-
ɧɨɫɬɶɸ ɨɫɧɨɜɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. 
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Abstract.  Refractory high-entropy alloys (HEAs) represent a new class of promising struc-
tural materials for high-temperature applications in the aerospace industry. These alloys are 
developed in order to improve the exploitation properties of heat-loaded parts in the gas turbine 
engines through the solid solution hardening and increased thermal stability. In recent years, 
an equally important direction has become the biocompatible HEAs development for the manu-
facture of an implants with a multimodal structure by laser powder bed fusion. This article 
highlights the structural features and thermomechanical properties of refractory HEAs and the 
prospects for their industrial application. 

Keywords: refractory high-entropy alloys, BCC solid solution, high-temperature strength, 
additive manufacturing 
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ȼɜɟɞɟɧɢɟ 
ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɚɤɬɭɚɥɶɧɨɣ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ ɡɚɞɚɱɟɣ ɹɜɥɹɟɬɫɹ ɩɨɜɵɲɟɧɢɟ 

ɪɟɚɤɬɢɜɧɨɣ ɬɹɝɢ ɢ ɄɉȾ ɝɚɡɨɬɭɪɛɢɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ ɩɪɢ ɨɞɧɨɜɪɟɦɟɧɧɨɦ ɫɧɢɠɟɧɢɢ ɪɚɫ-
ɯɨɞɚ ɬɨɩɥɢɜɚ, ɦɚɫɫɵ ɭɫɬɚɧɨɜɤɢ ɢ ɜɵɛɪɨɫɨɜ ɜ ɚɬɦɨɫɮɟɪɭ ɩɚɪɧɢɤɨɜɵɯ ɝɚɡɨɜ Д1–5]. 
ɇɚɢɛɨɥɟɟ ɩɪɨɫɬɨɣ ɢ ɷɮɮɟɤɬɢɜɧɵɣ ɫɩɨɫɨɛ ɩɨɜɵɲɟɧɢɹ ɄɉȾ ɬɭɪɛɢɧɵ – ɭɜɟɥɢɱɟɧɢɟ ɪɚ-
ɛɨɱɟɣ ɬɟɦɩɟɪɚɬɭɪɵ. ɇɚɩɪɢɦɟɪ, ɩɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɫɝɨɪɚɧɢɹ ɜɨɡɞɭɲɧɨ-ɝɚɡɨɜɨɣ 
ɫɦɟɫɢ ɧɚ ɜɯɨɞɟ ɜ ɬɭɪɛɢɧɭ ɫ λ00 ɞɨ 14β7 °C ɩɪɢ ɫɬɟɩɟɧɢ ɫɠɚɬɢɹ ɤɨɦɩɪɟɫɫɨɪɚ ɞɨ γ5:1 
ɩɨɡɜɨɥɢɥɨ ɫɧɢɡɢɬɶ ɜɵɛɪɨɫɵ στx ɢ ɩɨɜɵɫɢɬɶ ɄɉȾ ɫ βλ ɞɨ 44 % [1–γЖ, ɱɬɨ ɫɬɚɥɨ ɪɟɡɭɥɶ-
ɬɚɬɨɦ ɩɟɪɟɯɨɞɚ ɨɬ ɠɚɪɨɩɪɨɱɧɵɯ ɫɬɚɥɟɣ ɤ ɧɢɤɟɥɟɜɵɦ ɫɭɩɟɪɫɩɥɚɜɚɦ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟ ɬɟɩ-
ɥɨɧɚɝɪɭɠɟɧɧɵɯ ɞɟɬɚɥɟɣ, ɜ ɬɨɦ ɱɢɫɥɟ ɫɨɩɥɨɜɵɯ ɢ ɪɨɬɨɪɧɵɯ ɥɨɩɚɬɨɤ ɬɭɪɛɢɧ Д1Ж.  

Ɉɞɧɚɤɨ ɞɚɥɶɧɟɣɲɟɟ ɩɨɜɵɲɟɧɢɟ ɪɚɛɨɱɟɣ ɬɟɦɩɟɪɚɬɭɪɵ ɝɚɡɨɬɭɪɛɢɧɧɵɯ ɞɜɢɝɚɬɟ-
ɥɟɣ ɫɭɳɟɫɬɜɟɧɧɨ ɨɝɪɚɧɢɱɢɜɚɸɬ ɫɜɨɣɫɬɜɚ ɩɪɢɦɟɧɹɟɦɵɯ ɧɢɤɟɥɟɜɵɯ ɫɭɩɟɪɫɩɥɚɜɨɜ, ɤɨɬɨ-
ɪɵɟ ɷɤɫɩɥɭɚɬɢɪɭɸɬɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɛɥɢɡɤɢɯ ɤ ɬɨɱɤɟ ɩɥɚɜɥɟɧɢɹ. ɗɬɨ ɨɛɫɬɨɹɬɟɥɶ-
ɫɬɜɨ ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɜɚɠɧɨɫɬɶ ɞɚɥɶɧɟɣɲɟɝɨ ɩɨɜɵɲɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɷɧɟɪɝɨɧɨɫɢɬɟɥɹ ɜ 
ɝɚɡɨɬɭɪɛɢɧɧɵɯ ɞɜɢɝɚɬɟɥɹɯ, ɚ ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɪɚɡɪɚɛɨɬɤɢ ɢ ɜɧɟɞɪɟɧɢɹ ɩɪɢɧɰɢɩɢɚɥɶɧɨ 
ɧɨɜɵɯ ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ, ɫɩɨɫɨɛɧɵɯ ɡɚɦɟɧɢɬɶ ɥɭɱɲɢɟ ɦɚɪɤɢ ɜɵɫɨɤɨɥɟɝɢɪɨɜɚɧɧɵɯ 
ɧɢɤɟɥɟɜɵɯ ɫɭɩɟɪɫɩɥɚɜɨɜ. 

ȼ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɧɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ ɪɚɡɜɢɬɢɹ ɧɨɜɵɯ ɤɨɧ-
ɫɬɪɭɤɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɞɥɹ ɬɟɩɥɨɧɚɝɪɭɠɟɧɧɵɯ ɞɟɬɚɥɟɣ ɝɨɪɹɱɟɝɨ ɬɪɚɤɬɚ ɬɭɪɛɢɧ,  
ɚ ɬɚɤɠɟ ɞɟɬɚɥɟɣ ɬɟɪɦɨɹɞɟɪɧɵɯ ɪɟɚɤɬɨɪɨɜ ɫɱɢɬɚɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɬɭɝɨɩɥɚɜɤɢɯ ɜɵɫɨɤɨɷɧ-
ɬɪɨɩɢɣɧɵɯ ɫɩɥɚɜɨɜ (ȼɗɋ), ɩɪɟɞɫɬɚɜɥɹɸɳɢɯ ɫɨɛɨɣ ɬɜɟɪɞɵɟ ɪɚɫɬɜɨɪɵ ɫ ɨɛɴɟɦɧɨɰɟɧ-
ɬɪɢɪɨɜɚɧɧɨɣ ɤɭɛɢɱɟɫɤɨɣ (ɈɐɄ) ɢɥɢ ɝɪɚɧɟɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɤɭɛɢɱɟɫɤɨɣ (ȽɐɄ) ɪɟɲɟɬɤɚ-
ɦɢ ɢɡ ɱɟɬɵɪɟɯ ɢ ɛɨɥɟɟ ɨɫɧɨɜɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɜɡɹɬɵɯ ɜ ɷɤɜɢɚɬɨɦɧɨɦ ɫɨɨɬɧɨɲɟɧɢɢ. Ⱦɥɹ 
ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɦɚɬɟɪɢɚɥɨɜɟɞɚɦɢ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ȼɗɋ ɧɚ ɨɫɧɨɜɟ 
ɬɭɝɨɩɥɚɜɤɢɯ ɷɥɟɦɟɧɬɨɜ (TТ, V, Cr, Гr, σЛ, εШ, HП, TК, А, Sc) ɢ ɚɥɸɦɢɧɢɹ ɫ ɩɟɪɫɩɟɤɬɢ-
ɜɨɣ ɡɚɦɟɧɵ ɤɨɦɦɟɪɱɟɫɤɢɯ ɧɢɤɟɥɟɜɵɯ ɫɭɩɟɪɫɩɥɚɜɨɜ. Ɍɭɝɨɩɥɚɜɤɢɟ ȼɗɋ ɩɪɢɜɥɟɤɥɢ ɜɧɢ-
ɦɚɧɢɟ ɛɥɚɝɨɞɚɪɹ ɮɨɪɦɢɪɨɜɚɧɢɸ ɨɞɧɨɮɚɡɧɨɣ ɫɬɪɭɤɬɭɪɵ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɜ ɜɢɞɟ ɈɐɄ 
ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɯɫɹ ɜɵɫɨɤɨɣ ɬɟɪɦɨɫɬɚɛɢɥɶɧɨɫɬɶɸ ɢ ɢɡɧɨɫɨɫɬɨɣɤɨ-
ɫɬɶɸ, ɩɨɜɵɲɟɧɧɨɣ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɩɪɨɱɧɨɫɬɶɸ (>410 Ɇɉɚ ɩɪɢ 1000 °C) ɢ ɯɨɪɨ-
ɲɢɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ɨɤɢɫɥɟɧɢɸ ɞɨ 1β00 °C [6–κЖ. Ɍɭɝɨɩɥɚɜɤɢɟ ȼɗɋ, ɤɚɤ ɩɪɚɜɢɥɨ, 
ɩɪɨɢɡɜɨɞɹɬ ɩɭɬɟɦ ɬɪɚɞɢɰɢɨɧɧɨɣ ɜɚɤɭɭɦɧɨ-ɞɭɝɨɜɨɣ ɢɥɢ ɢɧɞɭɤɰɢɨɧɧɨɣ ɩɥɚɜɤɢ ɫ ɩɨɫɥɟ-
ɞɭɸɳɢɦ ɨɬɠɢɝɨɦ ɥɢɬɵɯ ɡɚɝɨɬɨɜɨɤ Д1–λЖ. ɋɭɳɟɫɬɜɟɧɧɵɦ ɧɟɞɨɫɬɚɬɤɨɦ ɥɢɬɟɣɧɵɯ ɬɟɯɧɨ-
ɥɨɝɢɣ ɹɜɥɹɟɬɫɹ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɦɧɨɝɨɤɪɚɬɧɨɝɨ ɩɟɪɟɩɥɚɜɚ ɫɥɢɬɤɨɜ ɞɥɹ ɝɨ-
ɦɨɝɟɧɢɡɚɰɢɢ ɢɯ ɫɨɫɬɚɜɚ. ȼ ɞɨɩɨɥɧɟɧɢɟ ɤ ɞɥɢɬɟɥɶɧɨɫɬɢ ɩɪɨɰɟɫɫɚ ɧɟɤɨɬɨɪɵɟ ɫɨɫɬɚɜɵ 
ȼɗɋ ɧɭɠɞɚɸɬɫɹ ɜ ɜɵɫɨɤɢɯ ɫɤɨɪɨɫɬɹɯ ɨɯɥɚɠɞɟɧɢɹ ɞɥɹ ɩɨɞɚɜɥɟɧɢɹ ɜɵɞɟɥɟɧɢɣ ɧɟɠɟɥɚ-
ɬɟɥɶɧɵɯ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɵɯ ɮɚɡ ɢɡ ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ Д10Ж. ȼɫɟ ɷɬɨ ɞɟɥɚɟɬ ɩɪɨɢɡɜɨɞɫɬɜɨ 
ɨɩɪɟɞɟɥɟɧɧɵɯ ȼɗɋ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɪɚɞɢɰɢɨɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɬɪɭɞɨɟɦɤɨɣ ɡɚɞɚɱɟɣ, ɚ 
ɨɫɨɛɟɧɧɨ ɨɬɥɢɜɤɭ ɡɚɝɨɬɨɜɨɤ ɞɟɬɚɥɟɣ ɫɥɨɠɧɨɣ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɮɨɪɦɵ. ɉɨ ɷɬɨɣ ɩɪɢɱɢɧɟ 
ɜ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɚɤɬɢɜɧɨ ɜɟɞɭɬɫɹ ɪɚɡɪɚɛɨɬɤɢ ɩɨ ɫɨɡɞɚɧɢɸ ɚɞɞɢɬɢɜɧɵɯ ɩɪɨɰɟɫɫɨɜ ɫɢɧ-
ɬɟɡɚ ɬɭɝɨɩɥɚɜɤɢɯ ȼɗɋ ɞɥɹ ɲɢɪɨɤɨɝɨ ɫɩɟɤɬɪɚ ɩɪɢɦɟɧɟɧɢɣ Д11–15]. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɪɚɫɫɦɨɬɪɟɧɵ ɨɫɧɨɜɧɵɟ ɧɚɩɪɚɜɥɟɧɢɹ ɪɚɡɜɢɬɢɹ ɬɭɝɨɩɥɚɜɤɢɯ ȼɗɋ 
ɞɥɹ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɪɢɦɟɧɟɧɢɹ, ɢɯ ɫɬɪɭɤɬɭɪɚ ɢ ɬɟɪɦɨɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ. 
 

ɋɬɪɭɤɬɭɪɚ ɢ ɫɜɨɣɫɬɜɚ ɜɵɫɨɤɨɷɧɬɪɨɩɢɣɧɵɯ ɫɩɥɚɜɨɜ 
Ʉɪɢɬɢɱɟɫɤɢɟ ɧɟɞɨɫɬɚɬɤɢ ɢ ɫɩɨɫɨɛɵ ɢɯ ɭɫɬɪɚɧɟɧɢɹ 

ɉɪɨɦɵɲɥɟɧɧɨɟ ɩɪɢɦɟɧɟɧɢɟ ɛɨɥɶɲɢɧɫɬɜɚ ɬɭɝɨɩɥɚɜɤɢɯ ȼɗɋ ɜ ɤɚɱɟɫɬɜɟ ɤɨɧ-
ɫɬɪɭɤɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɞɥɹ ɬɟɩɥɨɧɚɝɪɭɠɟɧɧɵɯ ɞɟɬɚɥɟɣ ɬɭɪɛɢɧ ɫɞɟɪɠɢɜɚɟɬ ɢɯ ɨɬɧɨ-
ɫɢɬɟɥɶɧɨ ɧɢɡɤɚɹ ɩɥɚɫɬɢɱɧɨɫɬɶ ɩɪɢ ɤɨɦɧɚɬɧɵɯ ɭɫɥɨɜɢɹɯ, ɚ ɬɚɤɠɟ ɜɵɫɨɤɚɹ ɩɥɨɬɧɨɫɬɶ ɢ 
ɡɚɱɚɫɬɭɸ ɧɟɞɨɫɬɚɬɨɱɧɚɹ ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɶ Д6, λ–1λЖ. ɇɚɩɪɢɦɟɪ, ɜ β011 ɝ. Д6Ж ɪɚɡɪɚɛɨɬɚɧɵ 
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ɨɞɧɨɮɚɡɧɵɟ ȼɗɋ ɷɤɜɢɚɬɨɦɧɵɯ ɫɨɫɬɚɜɨɜ σЛ25Mo25Ta25W25 ɢ V20Nb20Mo20Ta20W20 ɫ ɜɵ-
ɫɨɤɢɦ ɩɪɟɞɟɥɨɦ ɬɟɤɭɱɟɫɬɢ ɩɪɢ ɫɠɚɬɢɢ ı0,2 = 477 Ɇɉɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1600 °C ɢ ɯɨ-
ɪɨɲɟɣ ɠɚɪɨɫɬɨɣɤɨɫɬɶɸ. ɉɪɨɦɵɲɥɟɧɧɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɪɚɡɪɚɛɨɬɚɧɧɵɟ ɫɩɥɚɜɵ ɧɟ ɩɨɥɭ-
ɱɢɥɢ ɜɫɥɟɞɫɬɜɢɟ ɧɟɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨɣ ɩɥɚɫɬɢɱɧɨɫɬɢ (<1,5 %), ɡɚɬɪɭɞɧɹɸɳɟɣ ɢɯ ɦɟ-
ɯɚɧɢɱɟɫɤɭɸ ɨɛɪɚɛɨɬɤɭ, ɢ ɜɵɫɨɤɨɣ ɩɥɨɬɧɨɫɬɢ з1β,4 ɝ/ɫɦ3. ȼ ɬɨɦ ɠɟ ɝɨɞɭ Дβ0Ж ɪɚɡɪɚɛɨɬɚɧ 
ɫɩɥɚɜ ɫɢɫɬɟɦɵ TК–Nb–Hf–Zr–TТ ɫ ɩɨɧɢɠɟɧɧɨɣ ɞɨ λ,λ4 ɝ/ɫɦ3 ɩɥɨɬɧɨɫɬɶɸ, ɜɵɫɨɤɢɦ ɫɨ-
ɩɪɨɬɢɜɥɟɧɢɟɦ ɞɟɮɨɪɦɚɰɢɢ (ı0,2 = 929 Ɇɉɚ) ɢ ɫɬɟɩɟɧɶɸ ɞɟɮɨɪɦɚɰɢɢ ɫɠɚɬɢɹ >50 % ɩɪɢ 
ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. Ʉɪɢɬɢɱɟɫɤɢɦ ɧɟɞɨɫɬɚɬɤɨɦ ɫɩɥɚɜɚ ɹɜɥɹɥɚɫɶ ɧɢɡɤɚɹ ɠɚɪɨɩɪɨɱ-
ɧɨɫɬɶ – ı0,2 < 100 Ɇɉɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1β00 °C. Ʉɪɨɦɟ ɬɨɝɨ, ɫɩɥɚɜ ɢɦɟɥ ɞɨɫɬɚɬɨɱɧɨ 
ɜɵɫɨɤɭɸ ɩɥɨɬɧɨɫɬɶ ɢ ɩɨɧɢɠɟɧɧɭɸ ɭɞɟɥɶɧɭɸ ɠɚɪɨɩɪɨɱɧɨɫɬɶ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɵɫɨɤɨɥɟ-
ɝɢɪɨɜɚɧɧɵɯ ɧɢɤɟɥɟɜɵɯ ɫɭɩɟɪɫɩɥɚɜɨɜ Дβ1Ж, ɱɬɨ ɢɫɤɥɸɱɚɥɨ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɶ ɟɝɨ ɩɪɨ-
ɦɵɲɥɟɧɧɨɝɨ ɩɪɢɦɟɧɟɧɢɹ. Ɋɚɫɫɦɨɬɪɟɧɧɵɟ ɫɩɥɚɜɵ (ɤɚɤ ɢ ɛɨɥɶɲɢɧɫɬɜɨ ɬɭɝɨɩɥɚɜɤɢɯ 
ȼɗɋ) ɩɨɥɭɱɚɥɢ ɩɨ ɬɟɯɧɨɥɨɝɢɢ ɩɹɬɢɤɪɚɬɧɨɝɨ ɜɚɤɭɭɦɧɨ-ɞɭɝɨɜɨɝɨ ɩɟɪɟɩɥɚɜɚ ɜ ɦɟɞɧɨɦ 
ɜɨɞɨɨɯɥɚɠɞɚɟɦɨɦ ɬɢɝɥɟ. ɋɭɳɟɫɬɜɟɧɧɵɦ ɧɟɞɨɫɬɚɬɤɨɦ ɥɢɬɵɯ ȼɗɋ ɹɜɥɹɟɬɫɹ ɞɟɧɞɪɢɬɧɚɹ 
ɫɬɪɭɤɬɭɪɚ ɡɟɪɟɧ ɢ ɱɚɫɬɨɟ ɩɪɨɹɜɥɟɧɢɟ ɥɢɤɜɚɰɢɢ, ɱɬɨ ɫɧɢɠɚɟɬ ɩɥɚɫɬɢɱɧɨɫɬɶ ɢ ɩɪɨɱɧɨɫɬɶ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɨɦɵɲɥɟɧɧɨɟ ɜɧɟɞɪɟɧɢɟ ɬɭɝɨɩɥɚɜɤɢɯ ȼɗɋ ɜ ɩɪɨɢɡɜɨɞɫɬɜɨ ɞɟ-
ɬɚɥɟɣ ɚɜɢɚɰɢɨɧɧɨɣ ɢ ɪɚɤɟɬɧɨ-ɤɨɫɦɢɱɟɫɤɨɣ ɬɟɯɧɢɤɢ ɫɬɚɧɟɬ ɜɨɡɦɨɠɧɵɦ ɩɪɢ ɭɫɥɨɜɢɢ 
ɪɚɡɪɚɛɨɬɤɢ ɫɨɫɬɚɜɨɜ ɫ ɧɢɡɤɨɣ ɩɥɨɬɧɨɫɬɶɸ (<κ ɝ/ɫɦ3), ɜɵɫɨɤɨɣ ɩɥɚɫɬɢɱɧɨɫɬɶɸ (>10 %) ɢ 
ɩɪɟɜɨɫɯɨɞɧɵɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ɞɟɮɨɪɦɚɰɢɢ (ı0,2 > 500 Ɇɉɚ) ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1000 °C.  

ɇɟɞɨɫɬɚɬɤɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɫɜɨɣɫɬɜ ɨɞɧɨɮɚɡɧɵɯ ɬɭɝɨɩɥɚɜɤɢɯ ȼɗɋ ɦɨɠɧɨ 
ɦɢɧɢɦɢɡɢɪɨɜɚɬɶ ɢɥɢ ɩɨɥɧɨɫɬɶɸ ɭɫɬɪɚɧɢɬɶ ɩɭɬɟɦ ɨɩɬɢɦɢɡɚɰɢɢ ɫɨɫɬɚɜɚ ɢ ɢɫɩɨɥɶɡɨɜɚ-
ɧɢɹ ɫɨɜɪɟɦɟɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɜɵɫɨɤɭɸ ɯɢɦɢɱɟɫɤɭɸ 
ɨɞɧɨɪɨɞɧɨɫɬɶ ɢ ɦɟɥɤɨɡɟɪɧɢɫɬɭɸ ɦɢɤɪɨɫɬɪɭɤɬɭɪɭ Дλ, 1λ–22].  

Ɉɞɢɧ ɢɡ ɷɮɮɟɤɬɢɜɧɵɯ ɩɨɞɯɨɞɨɜ ɜ ɩɨɜɵɲɟɧɢɢ ɩɥɚɫɬɢɱɧɨɫɬɢ ȼɗɋ ɨɫɧɨɜɚɧ ɧɚ 
ɫɧɢɠɟɧɢɢ ɫɨɞɟɪɠɚɧɢɹ ɷɥɟɦɟɧɬɨɜ (Nb ɢ Ta), ɫɬɚɛɢɥɢɡɢɪɭɸɳɢɯ ɈɐɄ ɬɜɟɪɞɵɣ ɪɚɫɬɜɨɪ ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɢɯ ɱɚɫɬɢɱɧɨɣ ɢɥɢ ɩɨɥɧɨɣ ɡɚɦɟɧɵ ɧɚ ɫɬɚɛɢɥɢɡɢɪɭɸɳɢɟ ɝɟɤɫɚɝɨɧɚɥɶɧɭɸ 
ɩɥɨɬɧɨɭɩɚɤɨɜɚɧɧɨɭɸ (Ƚɉɍ) ɫɬɪɭɤɬɭɪɭ ɷɥɟɦɟɧɬɵ (Ti, Zr ɢ Hf) Д1λ, βγ, β4Ж. ɗɬɨ ɩɪɢɜɨɞɢɬ 
ɤ ɥɨɤɚɥɶɧɵɦ ɬɪɚɧɫɮɨɪɦɚɰɢɹɦ ɪɟɲɟɬɤɢ ɢɡ ɈɐɄ- ɜ Ƚɉɍ-ɫɬɪɭɤɬɭɪɭ ɜɨ ɜɪɟɦɹ ɞɟɮɨɪɦɚ-
ɰɢɢ ɫɩɥɚɜɚ, ɫɩɨɫɨɛɫɬɜɭɸɳɢɦ ɫɧɢɠɟɧɢɸ ɭɪɨɜɧɹ ɜɧɭɬɪɟɧɧɢɯ ɧɚɩɪɹɠɟɧɢɣ, ɜɵɡɜɚɧɧɵɯ 
ɢɫɤɚɠɟɧɢɟɦ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ, ɚ ɬɚɤɠɟ ɩɨɦɨɝɚɟɬ ɩɪɟɞɨɬɜɪɚɬɢɬɶ ɩɪɟɠɞɟɜɪɟ-
ɦɟɧɧɨɟ ɡɚɪɨɠɞɟɧɢɟ ɦɢɤɪɨɬɪɟɳɢɧ ɢ ɭɥɭɱɲɚɟɬ ɩɥɚɫɬɢɱɧɨɫɬɶ. Ʉɪɨɦɟ ɬɨɝɨ, ɨɞɧɨɜɪɟɦɟɧ-
ɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɬɢɬɚɧɚ ɢ ɰɢɪɤɨɧɢɹ ɜ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɵɯ ɷɥɟɦɟɧɬɨɜ ɡɧɚɱɢɬɟɥɶɧɨ 
ɫɧɢɠɚɟɬ ɩɥɨɬɧɨɫɬɶ ɬɭɝɨɩɥɚɜɤɢɯ ȼɗɋ ɢ ɩɨɜɵɲɚɟɬ ɠɚɪɨɫɬɨɣɤɨɫɬɶ. 

ɇɟɞɨɫɬɚɬɤɨɦ ɞɚɧɧɨɝɨ ɩɨɞɯɨɞɚ ɹɜɥɹɟɬɫɹ ɜɵɫɨɤɚɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɡɧɚɱɟɧɢɣ 
ɩɪɟɞɟɥɚ ɬɟɤɭɱɟɫɬɢ ɤ ɢɡɦɟɧɟɧɢɸ ɫɨɫɬɚɜɚ (ı0,2 ɦɨɠɟɬ ɛɵɬɶ ɤɪɢɬɢɱɟɫɤɢ ɫɧɢɠɟɧ) ɜ ɪɟɡɭɥɶ-
ɬɚɬɟ ɭɦɟɧɶɲɟɧɢɹ ɛɚɪɶɟɪɚ ɉɚɣɟɪɥɫɚ–ɇɚɛɚɪɪɨ, ɤɨɬɨɪɵɣ ɨɩɪɟɞɟɥɹɟɬ ɭɪɨɜɟɧɶ ɫɨɩɪɨɬɢɜɥɟ-
ɧɢɹ ɢɫɤɚɠɟɧɧɨɣ ɪɟɲɟɬɤɢ ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ ɫɤɨɥɶɠɟɧɢɸ ɞɢɫɥɨɤɚɰɢɣ. ɇɚɩɪɢɦɟɪ, ɪɟ-
ɡɭɥɶɬɚɬɨɦ ɫɧɢɠɟɧɢɹ ɦɨɥɶɧɨɣ ɞɨɥɢ Ta ɞɨ 0,4 ɜ ɫɩɥɚɜɟ ɫɢɫɬɟɦɵ TК–Hf–Zr–TТ ɫɬɚɥɨ ɭɜɟ-
ɥɢɱɟɧɢɟ ɩɥɚɫɬɢɱɧɨɫɬɢ ɫ β,5 ɞɨ β7 % ɢ ɧɟɝɚɬɢɜɧɨɟ ɫɧɢɠɟɧɢɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɞɟɮɨɪɦɚɰɢɢ 
ı0,2 – ɫ 1500 ɞɨ 400 Ɇɉɚ Дβ5Ж. ɉɨɷɬɨɦɭ ɧɟɨɛɯɨɞɢɦɨ ɭɞɟɥɹɬɶ ɨɫɨɛɨɟ ɜɧɢɦɚɧɢɟ ɯɢɦɢɱɟ-
ɫɤɨɦɭ ɫɨɫɬɚɜɭ ȼɗɋ – ɜ ɱɚɫɬɧɨɫɬɢ, ɜɵɛɨɪɭ ɨɫɧɨɜɧɵɯ ɈɐɄ ɢ Ƚɉɍ ɫɬɚɛɢɥɢɡɢɪɭɸɳɢɯ 
ɷɥɟɦɟɧɬɨɜ ɢ ɢɯ ɦɨɥɶɧɨɦɭ ɫɨɨɬɧɨɲɟɧɢɸ. 

Ⱦɪɭɝɨɣ ɩɨɞɯɨɞ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɪɚɡɪɚɛɨɬɤɟ ȼɗɋ ɫ ɭɱɟɬɨɦ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɨɬɞɟɥɶɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ. ɇɚɩɪɢɦɟɪ, ɨɩɬɢɦɢɡɚɰɢɹ ɫɨɫɬɚɜɨɜ ɩɭɬɟɦ ɡɚɦɟ-
ɧɵ ɯɪɭɩɤɢɯ ɩɨ ɫɜɨɟɣ ɩɪɢɪɨɞɟ ɷɥɟɦɟɧɬɨɜ VI ɝɪɭɩɩɵ (Cr, εШ, А) ɧɚ ɩɥɚɫɬɢɱɧɵɟ (ɬɚɤɢɟ 
ɤɚɤ V, TК, SМ), ɞɟɮɨɪɦɢɪɭɟɦɵɟ ɡɚ ɫɱɟɬ ɫɤɨɥɶɠɟɧɢɹ ɞɢɫɥɨɤɚɰɢɣ, ɩɨɡɜɨɥɹɟɬ ɞɨɛɢɬɶɫɹ ɛɚ-
ɥɚɧɫɚ ɩɥɚɫɬɢɱɧɨɫɬɢ ɢ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɤɨɦɧɚɬɧɵɯ ɭɫɥɨɜɢɹɯ ɢɫɩɵɬɚɧɢɣ. Ʉɪɨɦɟ ɬɨɝɨ, ɞɥɹ 
ɤɨɪɪɟɤɬɢɪɨɜɤɢ ɩɥɚɫɬɢɱɧɨɫɬɢ ɈɐɄ-ɫɩɥɚɜɨɜ ɢɫɩɨɥɶɡɭɟɬɫɹ ɷɦɩɢɪɢɱɟɫɤɢɣ ɤɪɢɬɟɪɢɣ, ɨɫ-
ɧɨɜɚɧɧɵɣ ɧɚ ɤɨɧɰɟɩɰɢɢ ɜɚɥɟɧɬɧɨɫɬɢ ɷɥɟɤɬɪɨɧɨɜ – ɫɩɥɚɜ ɹɜɥɹɟɬɫɹ ɩɥɚɫɬɢɱɧɵɦ ɩɪɢ ɜɚ-
ɥɟɧɬɧɨɫɬɢ ɷɥɟɤɬɪɨɧɨɜ ≤4,6 Д1λЖ. 
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ɋ ɭɱɟɬɨɦ ɨɫɨɛɟɧɧɨɫɬɟɣ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɩɨɞɯɨɞɨɜ ɤ ɩɨɜɵɲɟɧɢɸ ɩɥɚɫɬɢɱɧɨɫɬɢ ɢ 
ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɩɥɚɫɬɢɱɧɵɯ ɩɨ ɫɜɨɟɣ ɩɪɢɪɨɞɟ ɷɥɟɦɟɧɬɨɜ ɪɚɡɪɚɛɨ-
ɬɚɧ ȼɗɋ ɫɨɫɬɚɜɚ HП0,5Nb0,5Ta0,5Ti1.5Гr, ɩɨɤɚɡɚɜɲɢɣ ɪɟɤɨɪɞɧɨ ɜɵɫɨɤɢɟ ɦɟɯɚɧɢɱɟɫɤɢɟ 
ɫɜɨɣɫɬɜɚ ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ: ɩɥɚɫɬɢɱɧɨɫɬɶ į ≈ 19 %, ı0,2 = λ00 Ɇɉɚ, ɩɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ 
ıɜ = 990 Ɇɉɚ Д17Ж. ɋɩɥɚɜ ɩɨɥɭɱɟɧ ɩɹɬɢɤɪɚɬɧɵɦ ɜɚɤɭɭɦɧɨ-ɞɭɝɨɜɵɦ ɩɟɪɟɩɥɚɜɨɦ ɱɢɫɬɵɯ 
(>99,9 %) ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɦɟɞɧɨɦ ɜɨɞɨɨɯɥɚɠɞɚɟɦɨɦ ɬɢɝɥɟ ɜ ɢɧɟɪɬɧɨɣ ɫɪɟɞɟ ɚɪɝɨɧɚ. 
ɋɩɥɚɜ ɯɚɪɚɤɬɟɪɢɡɨɜɚɥɫɹ ɞɟɧɞɪɢɬɧɨɣ ɫɬɪɭɤɬɭɪɨɣ ɈɐɄ ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ ɫ ɪɚɡɦɟɪɨɦ 
ɤɨɥɨɧɢɣ зβ00 ɦɤɦ ɢ ɡɧɚɱɢɬɟɥɶɧɨ ɭɥɭɱɲɟɧɧɨɣ ɩɥɨɬɧɨɫɬɶɸ (κ,1γ ɝ/ɫɦ3) – ɧɚ ɭɪɨɜɧɟ ɜɵ-
ɫɨɤɨɥɟɝɢɪɨɜɚɧɧɵɯ ɧɢɤɟɥɟɜɵɯ ɫɭɩɟɪɫɩɥɚɜɨɜ. Ⱥɜɬɨɪɵ ɪɚɛɨɬɵ Дβ6Ж ɨɬɦɟɱɚɸɬ ɜɨɡɦɨɠ-
ɧɨɫɬɶ ɨɛɪɚɡɨɜɚɧɢɹ ɜ ɫɩɥɚɜɟ Ƚɉɍ-ɮɚɡɵ, ɨɞɧɚɤɨ ɜ ɫɜɹɡɢ ɫ ɧɢɡɤɨɣ ɫɤɨɪɨɫɬɶɸ ɞɢɮɮɭɡɢɢ 
ɞɚɧɧɵɣ ɩɪɨɰɟɫɫ ɬɪɟɛɭɟɬ ɞɥɢɬɟɥɶɧɨɝɨ ɫɬɚɪɟɧɢɹ ɢɥɢ ɨɞɧɨɜɪɟɦɟɧɧɨɝɨ ɩɪɢɥɨɠɟɧɢɹ ɞɚɜɥɟ-
ɧɢɹ ɢ ɬɟɦɩɟɪɚɬɭɪɵ (ɝɨɪɹɱɟɟ ɢɡɨɫɬɚɬɢɱɟɫɤɨɟ ɩɪɟɫɫɨɜɚɧɢɟ (Ƚɂɉ), ɝɨɪɹɱɚɹ ɲɬɚɦɩɨɜɤɚ), 
ɱɬɨ ɭɫɤɨɪɹɟɬ ɩɪɨɰɟɫɫ ɨɛɪɚɡɨɜɚɧɢɹ ɜɬɨɪɨɣ ɮɚɡɵ. 
 

ɋɨɫɬɚɜ ɢ ɫɜɨɣɫɬɜɚ ɥɢɬɵɯ ɫɩɥɚɜɨɜ 
ȼ ɪɚɛɨɬɟ Дβ7Ж ɪɚɡɪɚɛɨɬɚɧ ɬɭɝɨɩɥɚɜɤɢɣ ȼɗɋ ɫɨɫɬɚɜɚ χlMo0,5NbTa0,5TТГr ɫ ɪɟɤɨɪɞ-

ɧɨ ɧɢɡɤɨɣ ɩɥɨɬɧɨɫɬɶɸ 7,4 ɝ/ɫɦ3 ɢ ɜɵɫɨɤɢɦɢ ɬɟɪɦɨɦɟɯɚɧɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ (ɬɚɛɥ. 1). 
Ɇɢɤɪɨɬɜɟɪɞɨɫɬɶ ɩɨ ȼɢɤɤɟɪɫɭ ɫɨɫɬɚɜɥɹɥɚ 5,κ Ƚɉɚ. Ʌɢɬɵɟ ɡɚɝɨɬɨɜɤɢ ɩɨɥɭɱɚɥɢ ɩɹɬɢɤɪɚɬ-
ɧɵɦ ɜɚɤɭɭɦɧɨ-ɞɭɝɨɜɵɦ ɩɟɪɟɩɥɚɜɨɦ ɱɢɫɬɵɯ (>λλ,λ %) ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɦɟɞɧɨɦ ɜɨɞɨ-
ɨɯɥɚɠɞɚɟɦɨɦ ɬɢɝɥɟ. Ɂɚɬɟɦ ɥɢɬɵɟ ɡɚɝɨɬɨɜɤɢ ɩɨɞɜɟɪɝɚɥɢ Ƚɂɉ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1400 °C ɢ 
ɞɚɜɥɟɧɢɢ β07 Ɇɉɚ ɜ ɬɟɱɟɧɢɟ β ɱ, ɚ ɡɚɬɟɦ ɨɬɠɢɝɚɥɢ ɩɪɢ ɬɨɣ ɠɟ ɬɟɦɩɟɪɚɬɭɪɟ ɜ ɬɟɱɟɧɢɟ 
24 ɱ ɜ ɩɨɬɨɤɟ ɚɪɝɨɧɚ ɜɵɫɨɤɨɣ ɱɢɫɬɨɬɵ. ɉɨɥɭɱɟɧɧɵɣ ȼɗɋ ɫɨɫɬɨɹɥ ɢɡ ɞɜɭɯ ɈɐɄ-ɮɚɡ  
ɫ ɨɱɟɧɶ ɛɥɢɡɤɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɪɟɲɟɬɤɢ a1 = 0,γβ6κ ɧɦ (ɨɛɨɝɚɳɟɧɚ εШ, σЛ ɢ TК)  
ɢ a2 = 0,3324 ɧɦ (ɨɛɨɝɚɳɟɧɚ χХ ɢ Гr). ɋɪɟɞɧɢɣ ɪɚɡɦɟɪ ɡɟɪɧɚ ɫɨɫɬɚɜɥɹɥ 75±5 ɦɤɦ. 

 
Ɍɚɛɥɢɰɚ 1 

Ɇɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɩɪɢ ɫɠɚɬɢɢ ɜɵɫɨɤɨɷɧɬɪɨɩɢɣɧɨɝɨ ɫɩɥɚɜɚ  
ɫɨɫɬɚɜɚ AlMo0,5NbTa0,5TiZr [27] 

ɋɜɨɣɫɬɜɚ 
Ɂɧɚɱɟɧɢɹ ɫɜɨɣɫɬɜ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ, °ɋ 

25 800 1000 1200 
ı0,2 Ɇɉɚ 2000 1597 745 250 
ıɜ Ɇɉɚ 2368 1810 772 275 
E, Ƚɉɚ 178,6 80 36 27 
į, % 10 11 >50 >50 

 
ɋɜɨɣɫɬɜɚ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɚɥɸɦɢɧɢɣɫɨɞɟɪɠɚɳɟɝɨ ȼɗɋ ɫɪɚɜɧɢɜɚɥɢ ɫɨ ɫɜɨɣɫɬɜɚ-

ɦɢ ɫɩɥɚɜɚ ɫɨɫɬɚɜɚ CrMo0,5NbTa0,5TiZr. Ɉɬɦɟɱɟɧɨ ɩɨɥɨɠɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɡɚɦɟɳɟɧɢɹ 
ɯɪɨɦɚ ɧɚ ɚɥɸɦɢɧɢɣ, ɱɬɨ ɜɵɪɚɠɚɥɨɫɶ ɜ ɭɦɟɧɶɲɟɧɢɢ ɧɚ 10 % ɩɥɨɬɧɨɫɬɢ, ɨɩɬɢɦɢɡɚɰɢɢ 
ɫɬɪɭɤɬɭɪɵ, ɨɞɧɨɜɪɟɦɟɧɧɨɦ ɪɨɫɬɟ ɩɥɚɫɬɢɱɧɨɫɬɢ ɧɚ 50 %, ɩɪɟɞɟɥɚ ɬɟɤɭɱɟɫɬɢ – ɧɚ 1β % 
ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɞɟɮɨɪɦɚɰɢɢ (ɪɨɫɬ 
ɩɪɨɱɧɨɫɬɢ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ κ00–1200 °C ɫɨɫɬɚɜɢɥ 50 %). ɇɟɝɚɬɢɜɧɨɟ ɜɥɢɹɧɢɟ 
ɯɪɨɦɚ ɧɚ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɬɭɝɨɩɥɚɜɤɢɯ ȼɗɋ ɨɛɭɫɥɨɜɥɟɧɨ ɨɛɪɚɡɨɜɚɧɢɟɦ ɧɚ ɟɝɨ 
ɨɫɧɨɜɟ ɯɪɭɩɤɢɯ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɵɯ ɮɚɡ Ʌɚɜɟɫɚ ɦɢɤɪɨɧɧɨɝɨ ɪɚɡɦɟɪɚ, ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ 
ɪɚɫɩɪɟɞɟɥɟɧɧɵɯ ɜɞɨɥɶ ɦɟɠɡɟɪɟɧɧɵɯ ɝɪɚɧɢɰ.  

ɉɨɥɨɠɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɚɥɸɦɢɧɢɹ ɢ ɰɢɪɤɨɧɢɹ ɜ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜ-
ɧɵɯ ɷɥɟɦɟɧɬɨɜ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ȼɗɋ ɬɚɤɠɟ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɭɳɟɫɬɜɟɧɧɨɦ ɭɥɭɱɲɟɧɢɢ 
ɫɬɨɣɤɨɫɬɢ ɤ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɦɭ ɨɤɢɫɥɟɧɢɸ. ɇɚɩɪɢɦɟɪ, ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1000 °C ɡɚ 
40 ɱ ɥɨɝɚɪɢɮɦɢɱɟɫɤɚɹ ɤɪɢɜɚɹ ɨɤɢɫɥɟɧɢɹ ɫɩɥɚɜɚ ɫɨɫɬɚɜɚ TiNbTa0,5ZrAl ɜɵɯɨɞɢɬ ɧɚ ɩɥɨ-
ɳɚɞɤɭ ɩɪɢɪɨɫɬɚ ɦɚɫɫɵ ɩɪɢ Δm = 40 ɦɝ/ɫɦ2, ɬɨɝɞɚ ɤɚɤ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɩɪɢɪɨɫɬɚ ɦɚɫɫɵ 
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ɞɥɹ ɫɩɥɚɜɚ ɫɨɫɬɚɜɚ TiNbTa0,5Zr ɧɟ ɫɧɢɠɚɟɬɫɹ ɢ ɩɪɢ ɚɧɚɥɨɝɢɱɧɵɯ ɭɫɥɨɜɢɹɯ ɢɫɩɵɬɚɧɢɣ 
ɩɨɤɚɡɚɬɟɥɶ Δm ɫɨɫɬɚɜɥɹɟɬ 1β0 ɦɝ/ɫɦ2 [28]. 

ȼ ɪɚɛɨɬɟ ДλЖ ɩɪɨɜɟɞɟɧɵ ɩɨɞɪɨɛɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɥɢɹɧɢɹ ɦɨɥɶɧɨɣ ɞɨɥɢ ɚɥɸɦɢ-
ɧɢɹ ɧɚ ɮɚɡɨɜɵɣ ɫɨɫɬɚɜ, ɦɟɯɚɧɢɱɟɫɤɢɟ ɢ ɬɪɢɛɨɥɨɝɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɫɩɥɚɜɚ ɫɨɫɬɚɜɚ 
Al xTiZrNbHf (x = 0; 0,β5; 0,50; 0,75 ɢ 1). ɋɟɪɢɹ ɫɥɢɬɤɨɜ ɫ ɪɚɡɥɢɱɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɚɥɸ-
ɦɢɧɢɹ ɩɨɥɭɱɟɧɚ ɩɨ ɬɟɯɧɨɥɨɝɢɢ ɩɹɬɢɤɪɚɬɧɨɝɨ ɜɚɤɭɭɦɧɨ-ɞɭɝɨɜɨɝɨ ɩɟɪɟɩɥɚɜɚ ɱɢɫɬɵɯ 
(99,99 %) ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɡɚɳɢɬɧɨɣ ɫɪɟɞɟ ɚɪɝɨɧɚ. ɉɨ ɞɚɧɧɵɦ ɪɟɧɬɝɟɧɨɮɚɡɨɜɨɝɨ ɚɧɚɥɢɡɚ 
ɜɫɟ ɫɨɫɬɚɜɵ ȼɗɋ (ɤɪɨɦɟ ɷɤɜɢɚɬɨɦɧɨɝɨ) ɛɵɥɢ ɨɞɧɨɮɚɡɧɵɦɢ. ɍɜɟɥɢɱɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ 
ɚɥɸɦɢɧɢɹ ɞɨ 1 ɦɨɥɶ (ɫɩɥɚɜ ɫɢɫɬɟɦɵ χХ–Ti–Zr–Nb–HП) ɩɪɢɜɨɞɢɥɨ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɜɬɨ-
ɪɨɣ ɈɐɄ-ɮɚɡɵ. ɋɥɢɬɤɢ ɢɦɟɥɢ ɯɚɪɚɤɬɟɪɧɭɸ ɞɟɧɞɪɢɬɧɭɸ ɫɬɪɭɤɬɭɪɭ ɡɟɪɟɧ. ɉɨ ɦɟɪɟ ɭɜɟɥɢ-
ɱɟɧɢɹ ɞɨɥɢ ɚɥɸɦɢɧɢɹ ɧɚɛɥɸɞɚɥɫɹ ɪɨɫɬ ɦɟɠɞɟɧɞɪɢɬɧɨɣ ɨɛɥɚɫɬɢ, ɨɛɨɝɚɳɟɧɧɨɣ ɥɟɝɤɨɩɥɚɜ-
ɤɢɦ ɤɨɦɩɨɧɟɧɬɨɦ ɩɨ ɩɪɢɱɢɧɟ ɟɝɨ ɥɢɤɜɚɰɢɢ ɜɨ ɜɪɟɦɹ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɪɚɫɩɥɚɜɚ. ɉɨɷɬɨɦɭ 
ɜɬɨɪɚɹ ɈɐɄ-ɮɚɡɚ ɨɛɪɚɡɨɜɵɜɚɥɚɫɶ ɦɟɠɞɭ ɞɟɧɞɪɢɬɚɦɢ. Ɇɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɫɩɥɚɜɚ ɧɚ 
ɫɠɚɬɢɟ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɞɨɥɢ ɚɥɸɦɢɧɢɹ ɫ 0 ɞɨ 1 ɦɨɥɹ ɡɧɚɱɢɬɟɥɶɧɨ ɭɥɭɱɲɢɥɢɫɶ. Ɍɚɤ, 
ɭɫɥɨɜɧɵɣ ɩɪɟɞɟɥ ɬɟɤɭɱɟɫɬɢ ɜɨɡɪɨɫ ɫ γ10 ɞɨ 1β45 Ɇɉɚ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. ɋɬɟ-
ɩɟɧɶ ɞɟɮɨɪɦɚɰɢɢ ɭɦɟɧɶɲɢɥɚɫɶ, ɧɨ ɨɫɬɚɥɚɫɶ ɧɚ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɨɦ ɭɪɨɜɧɟ – ɩɨɪɹɞɤɚ 
28 %. ɋɩɥɚɜ ɫɢɫɬɟɦɵ χХ–Ti–Zr–Nb–HП ɬɚɤɠɟ ɩɨɤɚɡɚɥ ɭɜɟɥɢɱɟɧɧɵɟ ɜ β ɪɚɡɚ ɡɧɚɱɟɧɢɹ 
ɬɜɟɪɞɨɫɬɢ (4β0 HV) ɢ ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɢ (ɡɚ 15 ɦɢɧ ɢɫɩɵɬɚɧɢɣ ɨɛɴɟɦ ɢɡɧɨɫɚ ɫɨɫɬɚɜɢɥ 
0,045 ɦɦ3 ɩɪɢ ɧɚɝɪɭɡɤɟ 5 ɇ ɢ ɱɚɫɬɨɬɟ ɜɨɡɜɪɚɬɚ «ɤɨɧɬɪɬɟɥɨ–ɫɬɚɥɶɧɨɣ ɲɚɪɢɤ» γ Ƚɰ) ɨɬɧɨɫɢ-
ɬɟɥɶɧɨ ɛɚɡɨɜɨɝɨ ɫɩɥɚɜɚ ɫɢɫɬɟɦɵ TТ–Zr–Nb–HП. ɗɮɮɟɤɬ ɩɨɜɵɲɟɧɢɹ ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɢ ɫɜɹɡɚɧ 
ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɬɪɢɛɨɫɥɨɹ, ɚ ɬɚɤɠɟ ɩɨɜɵɲɟɧɢɟɦ ɬɜɟɪɞɨɫɬɢ ɫɩɥɚɜɚ. 

ɋɭɳɟɫɬɜɟɧɧɵɣ ɩɨɥɨɠɢɬɟɥɶɧɵɣ ɷɮɮɟɤɬ ɧɚ ɫɜɨɣɫɬɜɚ ɬɭɝɨɩɥɚɜɤɢɯ ȼɗɋ ɨɤɚɡɵɜɚɟɬ 
ɦɟɬɚɥɥɢɱɟɫɤɢɣ ɫɤɚɧɞɢɣ (Sc), ɨɛɥɚɞɚɸɳɢɣ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɩɥɚɜ-
ɥɟɧɢɹ (1541 °C), ɯɨɪɨɲɟɣ ɩɥɚɫɬɢɱɧɨɫɬɶɸ ɢ ɧɢɡɤɨɣ ɩɥɨɬɧɨɫɬɶɸ (ɜɫɟɝɨ β,λλ ɝ/ɫɦ3). ȼɜɟɞɹ 
ɜ ɫɨɫɬɚɜ Sc, ɦɨɠɧɨ ɡɧɚɱɢɬɟɥɶɧɨ ɫɧɢɡɢɬɶ ɩɥɨɬɧɨɫɬɶ ɫɩɥɚɜɚ, ɩɨɜɵɫɢɬɶ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪ-
ɧɭɸ ɩɥɚɫɬɢɱɧɨɫɬɶ, ɠɚɪɨɩɪɨɱɧɨɫɬɶ, ɫɬɪɭɤɬɭɪɧɭɸ ɫɬɚɛɢɥɶɧɨɫɬɶ, ɫɜɚɪɢɜɚɟɦɨɫɬɶ ɢ ɤɨɪɪɨ-
ɡɢɨɧɧɭɸ ɫɬɨɣɤɨɫɬɶ Д10, ββ, βλЖ. 

ȼ ɪɚɛɨɬɟ ДββЖ ɢɫɫɥɟɞɨɜɚɧɚ ɫɬɪɭɤɬɭɪɚ ɢ ɫɜɨɣɫɬɜɚ ɫɨɞɟɪɠɚɳɟɝɨ ɫɤɚɧɞɢɣ ȼɗɋ ɫɢ-
ɫɬɟɦɵ HП–Mo–Sc–Ta–Гr. ɋɩɥɚɜ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɯɢɦɢɱɟɫɤɢ ɨɞɧɨɪɨɞɧɵɣ ɈɐɄ ɬɜɟɪ-
ɞɵɣ ɪɚɫɬɜɨɪ (a = 0,γγκ7 ɧɦ) ɩɥɨɬɧɨɫɬɶɸ λ,βκ ɝ/ɫɦ3, ɢɦɟɸɳɢɣ ɞɟɧɞɪɢɬɧɭɸ ɫɬɪɭɤɬɭɪɭ 
ɡɟɪɟɧ. ȼɜɟɞɟɧɢɟ ɫɤɚɧɞɢɹ ɜ ɫɨɫɬɚɜ ɫɩɥɚɜɚ ɩɨɡɜɨɥɢɥɨ ɞɨɫɬɢɱɶ ɜɵɫɨɤɨɣ ɬɜɟɪɞɨɫɬɢ λ,4 Ƚɉɚ 
ɢ ɨɞɧɢɯ ɢɡ ɥɭɱɲɢɯ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɩɪɢ ɫɠɚɬɢɢ ɫɪɟɞɢ ɬɭɝɨɩɥɚɜɤɢɯ ȼɗɋ ɜ ɢɧɬɟɪ-
ɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ β5–1200 °C (ɬɚɛɥ. β). Ɉɫɨɛɨɟ ɜɧɢɦɚɧɢɟ ɨɛɪɚɳɚɸɬ ɧɚ ɫɟɛɹ ɜɵɫɨɤɢɣ ɩɪɟɞɟɥ 
ɬɟɤɭɱɟɫɬɢ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, ɪɚɜɧɵɣ 177κ Ɇɉɚ, ɢ ɩɥɚɫɬɢɱɟɫɤɚɹ ɞɟɮɨɪɦɚɰɢɹ ɞɨ 
ɪɚɡɪɭɲɟɧɢɹ, ɪɚɜɧɚɹ βκ %. Ɍɚɤɨɣ ɫɩɥɚɜ ɛɭɞɟɬ ɩɨɞɞɚɜɚɬɶɫɹ ɨɛɪɚɛɨɬɤɟ ɥɟɡɜɢɟɦ ɛɥɚɝɨɞɚɪɹ 
ɫɜɨɟɣ ɩɥɚɫɬɢɱɧɨɫɬɢ, ɱɬɨ ɦɨɠɟɬ ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ ɟɝɨ ɩɪɨɦɵɲɥɟɧɧɨɦɭ ɜɧɟɞɪɟɧɢɸ. 
 

Ɍɚɛɥɢɰɚ 2 
Ɍɟɪɦɨɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɫɩɥɚɜɚ ɫɢɫɬɟɦɵ HП–Mo–Sc–Ta–ГЫ ɩɪɢ ɫɠɚɬɢɢ Д22Ж 

Ɍɟɦɩɟɪɚɬɭɪɚ ɢɫɩɵɬɚɧɢɹ, °C ı0,2, Ɇɉɚ į, % 
25 1778 28 
800 1118 35 
1000 963 >42 
1200 498 >42 

 
Ɉɫɨɛɟɧɧɨɫɬɶɸ ɪɚɫɫɦɨɬɪɟɧɧɨɝɨ ɫɩɥɚɜɚ ɹɜɥɹɟɬɫɹ ɨɛɪɚɡɨɜɚɧɢɟ ɜɨ ɜɪɟɦɹ ɝɨɪɹɱɟɣ 

ɞɟɮɨɪɦɚɰɢɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1000–1200 °C ɨɛɨɝɚɳɟɧɧɵɯ ɫɤɚɧɞɢɟɦ ɭɩɪɨɱɧɹɸɳɢɯ ɜɵɞɟ-
ɥɟɧɢɣ ȽɐɄ-ɮɚɡɵ ɜ ɦɟɠɞɟɧɞɪɢɬɧɵɯ ɨɛɥɚɫɬɹɯ. ɗɬɨ ɫɩɨɫɨɛɫɬɜɭɟɬ ɩɨɜɵɲɟɧɢɸ ɫɨɩɪɨɬɢɜɥɟ-
ɧɢɹ ɞɟɮɨɪɦɚɰɢɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ >1000 °C. ɇɟɫɦɨɬɪɹ ɧɚ ɜɵɫɨɤɢɟ ɬɟɪɦɨɦɟɯɚɧɢɱɟɫɤɢɟ 
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ɫɜɨɣɫɬɜɚ, ɪɚɫɫɦɨɬɪɟɧɧɵɣ ɫɩɥɚɜ ɢɦɟɟɬ ɜɫɟ ɟɳɟ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɭɸ ɩɥɨɬɧɨɫɬɶ 
9,28 ɝ/ɫɦ3, ɤɨɬɨɪɭɸ ɦɨɠɧɨ ɫɧɢɡɢɬɶ ɩɭɬɟɦ ɞɨɛɚɜɥɟɧɢɹ ɚɥɸɦɢɧɢɹ ɢ ɱɚɫɬɢɱɧɨɝɨ ɢɥɢ ɩɨɥ-
ɧɨɝɨ ɡɚɦɟɳɟɧɢɹ ɬɚɧɬɚɥɚ ɧɚ ɛɨɥɟɟ ɥɟɝɤɢɣ ɬɢɬɚɧ. 

Ⱦɥɹ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɪɚɧɟɟ ɬɭɝɨɩɥɚɜɤɢɯ ȼɗɋ ɜ ɨɫɧɨɜɧɨɦ ɩɪɢɜɟɞɟɧɵ ɦɟɯɚɧɢɱɟ-
ɫɤɢɟ ɫɜɨɣɫɬɜɚ ɩɪɢ ɫɠɚɬɢɢ. Ɉɞɧɚɤɨ ɧɚɢɛɨɥɶɲɢɣ ɢɧɬɟɪɟɫ ɞɥɹ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚ-
ɥɨɜ ɩɪɟɞɫɬɚɜɥɹɸɬ ɪɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ ɧɚ ɪɚɫɬɹɠɟɧɢɟ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɢ ɨɬɪɢɰɚɬɟɥɶ-
ɧɨɣ ɬɟɦɩɟɪɚɬɭɪɚɯ Дγ0–33].  

ȼɵɫɨɤɢɦɢ ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ (ı0,2 = 879 Ɇɉɚ, 
ıɜ = 969 Ɇɉɚ, į = 14,9 %) ɨɛɥɚɞɚɟɬ ɥɢɬɨɣ ɫɩɥɚɜ ɫɢɫɬɟɦɵ HП–Nb–Ti–Гr ɫ ɨɞɧɨɮɚɡɧɨɣ 
ɈɐɄ-ɫɬɪɭɤɬɭɪɨɣ, ɩɨɥɭɱɟɧɧɵɣ ɩɨ ɬɟɯɧɨɥɨɝɢɢ ɜɚɤɭɭɦɧɨ-ɞɭɝɨɜɨɝɨ ɩɟɪɟɩɥɚɜɚ ɤɨɦɩɨɧɟɧ-
ɬɨɜ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɝɨɦɨɝɟɧɢɡɢɪɭɸɳɢɦ ɨɬɠɢɝɨɦ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1γ00 °C ɜ ɬɟɱɟɧɢɟ 
6 ɱ ДγγЖ. 

ȼ ɪɚɛɨɬɟ Дγ0Ж ɢɫɫɥɟɞɨɜɚɧɨ ɦɟɯɚɧɢɱɟɫɤɨɟ ɩɨɜɟɞɟɧɢɟ ɨɞɧɨɮɚɡɧɨɝɨ ɫɩɥɚɜɚ ɫɢɫɬɟɦɵ 
Ti–Zr–Hf–Nb–TК ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ –1λ6 ɢ +γ °C ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ ɪɚɫɬɹɝɢɜɚɸɳɢɯ 
ɧɚɩɪɹɠɟɧɢɣ. ɉɪɟɞɟɥ ɬɟɤɭɱɟɫɬɢ ɢ ɩɥɚɫɬɢɱɟɫɤɚɹ ɞɟɮɨɪɦɚɰɢɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ +γ °C ɫɨ-
ɫɬɚɜɢɥɢ κκ5±15 Ɇɉɚ ɢ βγ % ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɫɜɟɱɢɜɚɸɳɟɣ ɷɥɟɤɬɪɨɧ-
ɧɨɣ ɦɢɤɪɨɫɤɨɩɢɟɣ (ɉɗɆ) ɫɬɪɭɤɬɭɪɵ ɫɩɥɚɜɚ ɩɨɫɥɟ ɪɚɡɪɭɲɟɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɞɟɮɨɪɦɚ-
ɰɢɹ ɫɩɥɚɜɚ ɩɪɨɬɟɤɚɟɬ ɩɭɬɟɦ ɫɤɨɥɶɠɟɧɢɹ ɞɢɫɥɨɤɚɰɢɣ. ɇɚɩɪɨɬɢɜ, ɩɪɢ ɤɪɢɨɝɟɧɧɵɯ ɢɫɩɵ-
ɬɚɧɢɹɯ ɩɪɨɢɫɯɨɞɢɥɢ ɥɨɤɚɥɶɧɵɟ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɈɐɄ-ɮɚɡɵ ɜ Ƚɉɍ-ɫɬɪɭɤɬɭɪɭ, ɚ ɧɚɪɹɞɭ ɫ 
ɞɢɫɥɨɤɚɰɢɨɧɧɵɦ ɫɤɨɥɶɠɟɧɢɟɦ ɩɪɨɢɫɯɨɞɢɥɚ ɚɤɬɢɜɚɰɢɹ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɧɚɧɨɞɜɨɣɧɢɤɨ-
ɜɚɧɢɹ ɩɨ ɩɥɨɫɤɨɫɬɹɦ д11βж <111> ɜ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɨɝɨ ɦɟɯɚɧɢɡɦɚ ɞɟɮɨɪɦɚɰɢɢ ɫɩɥɚɜɚ. 
ɉɥɚɫɬɢɱɧɨɫɬɶ ɩɪɢ ɤɪɢɨɝɟɧɧɵɯ ɢɫɩɵɬɚɧɢɹɯ ɧɟɡɧɚɱɢɬɟɥɶɧɨ ɫɧɢɡɢɥɚɫɶ ɞɨ β1 %, ɜ ɬɨ ɜɪɟ-
ɦɹ ɤɚɤ ɩɪɟɞɟɥ ɬɟɤɭɱɟɫɬɢ ɜɨɡɪɨɫ ɞɨ 154λ Ɇɉɚ. Ɋɟɡɭɥɶɬɚɬɵ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɪɚɫɲɢɪɹɸɬ 
ɨɛɥɚɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɬɭɝɨɩɥɚɜɤɢɯ ȼɗɋ ɞɨ ɤɪɢɨɝɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪ. 

ɇɟ ɦɟɧɟɟ ɜɵɫɨɤɢɟ ɫɜɨɣɫɬɜɚ ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ ɩɪɢ ɤɨɦɧɚɬɧɵɯ ɭɫɥɨɜɢɹɯ ɩɨɤɚɡɚɥ ɥɟɝ-
ɤɢɣ ɫɩɥɚɜ ɫɨɫɬɚɜɚ Zr1,2V0,8NbTi3,6Al0,6 ɩɥɨɬɧɨɫɬɶɸ 5,6 ɝ/ɫɦ3, ɩɨɥɭɱɟɧɧɵɣ ɩɭɬɟɦ ɜɚɤɭɭɦ-
ɧɨɝɨ ɢɧɞɭɤɰɢɨɧɧɨɝɨ ɩɟɪɟɩɥɚɜɚ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɝɨɦɨɝɟɧɢɡɢɪɭɸɳɢɦ ɨɬɠɢɝɨɦ Дγ1Ж. ɋɩɥɚɜ 
ɢɦɟɥ ɪɚɜɧɨɨɫɧɭɸ ɫɬɪɭɤɬɭɪɭ ɡɟɪɟɧ ɫɨ ɫɪɟɞɧɢɦ ɪɚɡɦɟɪɨɦ з100 ɦɤɦ. ɍɫɥɨɜɧɵɣ ɩɪɟɞɟɥ ɬɟ-
ɤɭɱɟɫɬɢ ɫɩɥɚɜɚ ɫɨɫɬɚɜɥɹɥ 1100 Ɇɉɚ, ɩɥɚɫɬɢɱɟɫɤɚɹ ɞɟɮɨɪɦɚɰɢɹ ɞɨ ɪɚɡɪɭɲɟɧɢɹ β5 %. Ɋɚɡ-
ɪɚɛɨɬɱɢɤɢ ɫɩɥɚɜɚ ɬɚɤɠɟ ɞɟɥɚɸɬ ɡɚɤɥɸɱɟɧɢɟ, ɱɬɨ ɞɨɛɚɜɥɟɧɢɟ TТ ɢ χХ ɩɨɡɜɨɥɹɟɬ ɞɨɫɬɢɱɶ 
ɛɚɥɚɧɫɚ ɦɟɠɞɭ ɫɧɢɠɟɧɢɟɦ ɩɥɨɬɧɨɫɬɢ ɢ ɩɨɜɵɲɟɧɢɟɦ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ. 

Ⱥɧɚɥɨɝɢɱɧɵɦ ɫɩɨɫɨɛɨɦ ɩɨɥɭɱɟɧ ɫɩɥɚɜ ɫɨɫɬɚɜɚ V0,5Nb0,5ГrTТ ɫɨ ɫɪɟɞɧɢɦ ɪɚɡɦɟ-
ɪɨɦ ɡɟɪɟɧ ɜ ɝɨɦɨɝɟɧɢɡɢɪɨɜɚɧɧɨɦ ɫɨɫɬɨɹɧɢɢ ββ1 ɦɤɦ. ɍɫɥɨɜɧɵɣ ɩɪɟɞɟɥ ɬɟɤɭɱɟɫɬɢ ɞɨ-
ɫɬɢɝ 7κ7 Ɇɉɚ, ɚ ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɭɞɥɢɧɟɧɢɟ ɫɨɫɬɚɜɥɹɥɨ ββ %. ɉɪɢ ɷɬɨɦ ɫɩɥɚɜ ɞɟɦɨɧ-
ɫɬɪɢɪɨɜɚɥ ɷɮɮɟɤɬ ɞɟɮɨɪɦɚɰɢɨɧɧɨɝɨ ɭɩɪɨɱɧɟɧɢɹ ДγβЖ.  

Ɋɚɫɫɦɨɬɪɟɧɧɵɟ ɪɚɛɨɬɵ ɩɨ ɫɜɨɣɫɬɜɚɦ ɥɢɬɵɯ ȼɗɋ ɩɨɤɚɡɵɜɚɸɬ ɜɨɡɦɨɠɧɨɫɬɶ  
ɩɨɥɭɱɟɧɢɹ ɫɩɥɚɜɨɜ ɞɚɧɧɨɣ ɝɪɭɩɩɵ ɩɨ ɬɪɚɞɢɰɢɨɧɧɵɦ ɥɢɬɟɣɧɵɦ ɬɟɯɧɨɥɨɝɢɹɦ ɫ ɜɵɫɨ-
ɤɢɦ ɭɪɨɜɧɟɦ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɫɜɨɣɫɬɜ, ɨɩɪɟɞɟɥɹɸɳɢɦ ɩɟɪɫɩɟɤɬɢɜɭ ɢɯ ɩɪɨɦɵɲɥɟɧ-
ɧɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɜ ɤɚɱɟɫɬɜɟ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɢ ɤɪɢɨɝɟɧɧɵɯ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ 
ɦɚɬɟɪɢɚɥɨɜ. 
 

ɉɨɪɨɲɤɨɜɵɟ ɫɩɥɚɜɵ 
Ɂɚ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɩɨɹɜɢɥɨɫɶ ɦɧɨɝɨ ɪɚɛɨɬ, ɩɨɫɜɹɳɟɧɧɵɯ ɩɨɥɭɱɟɧɢɸ ɬɭɝɨɩɥɚɜɤɢɯ 

ȼɗɋ ɫ ɩɨɦɨɳɶɸ ɩɨɪɨɲɤɨɜɨɣ ɦɟɬɚɥɥɭɪɝɢɢ – ɚ ɢɦɟɧɧɨ, ɦɟɬɨɞɨɦ ɢɫɤɪɨɜɨɝɨ ɩɥɚɡɦɟɧɧɨɝɨ 
ɫɩɟɤɚɧɢɹ ɦɟɯɚɧɨɥɟɝɢɪɨɜɚɧɧɵɯ ɫɦɟɫɟɣ. ɉɨ ɭɪɨɜɧɸ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɬɚɤɢɟ ɫɩɥɚɜɵ 
ɡɚɱɚɫɬɭɸ ɩɪɟɜɨɫɯɨɞɹɬ ɥɢɬɵɟ ɚɧɚɥɨɝɢ, ɨɞɧɚɤɨ ɢɦɟɸɬ ɫɭɳɟɫɬɜɟɧɧɵɣ ɧɟɞɨɫɬɚɬɨɤ ɜ ɜɢɞɟ 
ɧɟɠɟɥɚɬɟɥɶɧɵɯ ɝɚɡɨɜɵɯ ɩɪɢɦɟɫɟɣ ɢ ɧɚɬɢɪɚɧɢɹ ɠɟɥɟɡɚ ɫ ɲɚɪɨɜ ɢ ɫɬɟɧɨɤ ɛɚɪɚɛɚɧɨɜ  
[34–γκЖ. Ɍɟɦ ɧɟ ɦɟɧɟɟ ɦɟɬɨɞɵ ɩɨɪɨɲɤɨɜɨɣ ɦɟɬɚɥɥɭɪɝɢɢ ɦɨɠɧɨ ɩɪɢɦɟɧɹɬɶ ɧɚ ɫɬɚɞɢɢ 
ɪɚɡɪɚɛɨɬɤɢ ɫɨɫɬɚɜɚ ɤɚɤ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɟ ɫ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ.  
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ɉɪɢɦɟɪɨɦ ɭɫɩɟɲɧɨɝɨ ɩɨɥɭɱɟɧɢɹ ɦɟɬɨɞɚɦɢ ɩɨɪɨɲɤɨɜɨɣ ɦɟɬɚɥɥɭɪɝɢɢ ɬɭɝɨɩɥɚɜ-
ɤɨɝɨ ȼɗɋ ɫɨɫɬɚɜɚ TТσЛTК0,5ZrAl 0,5 ɫɥɭɠɢɬ ɪɚɛɨɬɚ Дγ5Ж. Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɫɩɥɚɜɚ ɢɫɩɨɥɶɡɨ-
ɜɚɥɢ ɷɥɟɦɟɧɬɧɵɟ ɩɨɪɨɲɤɢ ɫ ɱɢɫɬɨɬɨɣ >λλ,5 % ɢ ɫɪɟɞɧɢɦ ɪɚɡɦɟɪɨɦ ɱɚɫɬɢɰ 1κ–4β ɦɤɦ. 
ɉɨɪɨɲɤɢ ɫɦɟɲɢɜɚɥɢ ɜ ɲɚɪɨɜɨɣ ɦɟɥɶɧɢɰɟ ɜ ɚɬɦɨɫɮɟɪɟ ɚɪɝɨɧɚ, ɡɚɬɟɦ ɩɨɞɜɟɪɝɚɥɢ  
ɯɨɥɨɞɧɨɦɭ ɢɡɨɫɬɚɬɢɱɟɫɤɨɦɭ ɩɪɟɫɫɨɜɚɧɢɸ ɢ ɜɚɤɭɭɦɧɨɦɭ ɫɩɟɤɚɧɢɸ. ɐɢɥɢɧɞɪɢɱɟɫɤɢɟ 
ɨɛɪɚɡɰɵ ɞɢɚɦɟɬɪɨɦ γ0 ɦɦ ɢ ɜɵɫɨɬɨɣ 45 ɦɦ ɢɡɝɨɬɚɜɥɢɜɚɥɢ ɢɡ ɫɩɟɱɟɧɧɵɯ ɩɪɟɫɫɨɜɨɤ ɢ 
ɩɨɞɜɟɪɝɚɥɢ ɝɨɪɹɱɟɣ ɲɬɚɦɩɨɜɤɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 1500, 1β00 ɢ κ00 °C ɫ ɨɛɳɢɦ ɭɦɟɧɶ-
ɲɟɧɢɟɦ ɜɵɫɨɬɵ ɧɚ 50 %. ɉɨɫɥɟ ɝɨɪɹɱɟɣ ɞɟɮɨɪɦɚɰɢɢ ɨɛɪɚɡɰɵ ɩɨɞɜɟɪɝɚɥɢ ɨɬɠɢɝɭ ɩɪɢ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɬɟɦɩɟɪɚɬɭɪɟ ɲɬɚɦɩɨɜɤɢ ɜ ɬɟɱɟɧɢɟ γ0 ɦɢɧ.  

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɬɟɪɦɨɦɟɯɚɧɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ κ00 ɢ 1β00 °C 
ɩɪɢɜɨɞɢɬ ɤ ɮɚɡɨɜɨɦɭ ɪɚɫɩɚɞɭ ɩɟɪɟɫɵɳɟɧɧɨɝɨ ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ ɫ ɜɵɞɟɥɟɧɢɟɦ ɱɚɫɬɢɰ 
ɜɬɨɪɨɣ ɮɚɡɵ. ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɟ κ00 °C ɜɵɞɟɥɹɸɬɫɹ ɞɢɫɤɪɟɬɧɵɟ ɩɥɚɫɬɢɧɱɚɬɵɟ ɨɫɚɞɤɢ, 
ɨɛɨɝɚɳɟɧɧɵɟ σЛ ɢ TК, ɬɨɝɞɚ ɤɚɤ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1β00 °C ɜɵɩɚɞɚɸɬ ɨɤɪɭɝɥɵɟ ɱɚɫɬɢɰɵ 
ɧɚ ɨɫɧɨɜɟ Гr ɢ χХ. Ɏɚɡɨɜɵɣ ɪɚɫɩɚɞ ɜɵɡɜɚɧ ɛɵɫɬɪɵɦ ɪɨɫɬɨɦ ɫɜɨɛɨɞɧɨɣ ɷɧɟɪɝɢɢ ɩɟɪɜɢɱ-
ɧɨɣ ɈɐɄ-ɮɚɡɵ. ɇɚɩɪɨɬɢɜ, ɩɨɫɥɟ ɨɬɠɢɝɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1500 °C ɫɩɥɚɜ ɫɨɫɬɨɹɥ ɢɡ ɨɞ-
ɧɨɮɚɡɧɨɝɨ ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ. ȼɥɢɹɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɨɬɠɢɝɚ ɧɚ ɬɟɪɦɨɦɟɯɚɧɢɱɟɫɤɢɟ 
ɫɜɨɣɫɬɜɚ ɫɩɥɚɜɚ ɩɨɤɚɡɚɧɨ ɜ ɬɚɛɥ. γ. ɉɪɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɮɚɡɨɜɵɣ ɪɚɫɩɚɞ ɜɵɡɵ-
ɜɚɥ ɡɧɚɱɢɬɟɥɶɧɨɟ ɫɧɢɠɟɧɢɟ ɩɪɟɞɟɥɚ ɬɟɤɭɱɟɫɬɢ ɜ ɨɫɧɨɜɧɨɦ ɢɡ-ɡɚ ɡɟɪɧɨɝɪɚɧɢɱɧɨɝɨ 
ɫɤɨɥɶɠɟɧɢɹ ɢ ɭɦɟɧɶɲɟɧɢɹ ɷɮɮɟɤɬɚ ɬɜɟɪɞɨɪɚɫɬɜɨɪɧɨɝɨ ɭɩɪɨɱɧɟɧɢɹ.  

 
Ɍɚɛɥɢɰɚ 3 

Ɍɟɪɦɨɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɫɩɥɚɜɚ ɫɨɫɬɚɜɚ TТNЛTК0,5ZrAl0,5 ɩɪɢ ɫɠɚɬɢɢ Д35Ж 
Ɍɟɦɩɟɪɚɬɭɪɚ ɨɬɠɢɝɚ, °C Ɍɟɦɩɟɪɚɬɭɪɚ ɢɫɩɵɬɚɧɢɹ, °C ı0,2, Ɇɉɚ ε, % 

800 
25 1310 22 
800 310 50 
1200 65 50 

1200 
25 1740 18 
800 580 50 
1200 100 50 

1500 
25 1500 34 
800 1100 50 
1200 150 50 

 
ɋɜɟɪɯɜɵɫɨɤɨɩɪɨɱɧɵɟ ɧɚɧɨɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɟ ȼɗɋ ɫɢɫɬɟɦɵ Ti–Nb–Ta–Гr ɫ 

ɞɜɭɯɮɚɡɧɨɣ ɈɐɄ-ɫɬɪɭɤɬɭɪɨɣ ɢɡɝɨɬɨɜɥɟɧɵ ɦɟɬɨɞɚɦɢ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɥɟɝɢɪɨɜɚɧɢɹ ɢ ɢɫ-
ɤɪɨɜɨɝɨ ɩɥɚɡɦɟɧɧɨɝɨ ɫɩɟɤɚɧɢɹ Дγ4Ж. Ɋɚɡɦɟɪ ɡɟɪɟɧ ɫɨɫɬɚɜɥɹɥ з500 ɧɦ, ɱɬɨ ɧɚ ɩɨɪɹɞɨɤ 
ɦɟɧɶɲɟ, ɱɟɦ ɭ ɥɢɬɨɝɨ ɫɩɥɚɜɚ ɚɧɚɥɨɝɢɱɧɨɝɨ ɫɨɫɬɚɜɚ. Ⱦɟɮɨɪɦɚɰɢɹ ɪɚɡɪɭɲɟɧɢɹ ɫɩɟɱɟɧɧɨ-
ɝɨ ɫɩɥɚɜɚ ɞɨɫɬɢɝɚɥɚ 1β,κ % ɩɪɢ ɩɪɨɱɧɨɫɬɢ ɧɚ ɫɠɚɬɢɟ ɢ ɩɪɟɞɟɥɟ ɬɟɤɭɱɟɫɬɢ, ɪɚɜɧɵɦɢ 
ββ74±λ1 ɢ β17β±47 Ɇɉɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ⱥɜɬɨɪɵ ɪɚɛɨɬɵ Дγ4Ж ɫɪɚɜɧɢɜɚɥɢ ɫɜɨɣɫɬɜɚ ɫɩɟ-
ɱɟɧɧɨɝɨ ɢ ɥɢɬɨɝɨ ɫɩɥɚɜɚ ɫɢɫɬɟɦɵ Ti–Nb–Ta–Zr, ɩɨɤɚɡɚɜ ɩɪɟɜɨɫɯɨɞɫɬɜɨ ɩɟɪɜɨɝɨ ɜ β ɪɚɡɚ 
ɩɨ ɩɥɚɫɬɢɱɧɨɫɬɢ ɢ ɫɨɩɪɨɬɢɜɥɟɧɢɸ ɞɟɮɨɪɦɚɰɢɢ. ɋɭɳɟɫɬɜɟɧɧɵɦ ɧɟɞɨɫɬɚɬɤɨɦ ɩɨɥɭɱɟɧ-
ɧɨɝɨ ɫɩɥɚɜɚ ɹɜɥɹɥɨɫɶ ɧɚɥɢɱɢɟ ɨɤɫɢɞɧɵɯ ɱɚɫɬɢɰ ɜɞɨɥɶ ɝɪɚɧɢɰ ɡɟɪɟɧ, ɱɬɨ ɦɨɠɟɬ ɨɤɚɡɚɬɶ 
ɧɟɝɚɬɢɜɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɞɥɢɬɟɥɶɧɭɸ ɩɪɨɱɧɨɫɬɶ. 
 

Ⱥɞɞɢɬɢɜɧɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ ɛɢɨɫɨɜɦɟɫɬɢɦɵɯ ȼɗɋ 
ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɬɭɝɨɩɥɚɜɤɢɟ ȼɗɋ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɧɟ ɬɨɥɶɤɨ ɤɚɤ ɤɨɧɫɬɪɭɤ-

ɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ ɞɥɹ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɪɢɦɟɧɟɧɢɹ. ɇɚɩɪɢɦɟɪ, ɪɚɡɪɚɛɨɬɚɧɚ 
ɝɪɭɩɩɚ ɥɟɝɤɢɯ ɫɩɥɚɜɨɜ ɫɢɫɬɟɦɵ Ti–Nb–Ta–Zr–Mo ɫɨɫɬɚɜɨɜ Ti2,6NbTaZrMo, 
Ti1,7NbTaZrMo0,5 ɢ Ti1,4Nb0,6Ta0,6Zr1,4Mo0,6, ɩɪɟɞɫɬɚɜɥɹɸɳɢɯ ɨɫɨɛɵɣ ɢɧɬɟɪɟɫ ɜ ɤɚɱɟɫɬɜɟ 
ɧɨɜɨɝɨ ɤɥɚɫɫɚ ɛɢɨɦɚɬɟɪɢɚɥɨɜ ɛɥɚɝɨɞɚɪɹ ɭɧɢɤɚɥɶɧɨɦɭ ɤɨɦɩɥɟɤɫɭ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ 
ɫɜɨɣɫɬɜ ɢ ɜɵɫɨɤɨɣ ɛɢɨɫɨɜɦɟɫɬɢɦɨɫɬɢ Д11–13]. 
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ȼ ɦɢɪɨɜɨɣ ɩɪɚɤɬɢɤɟ ɧɨɜɵɦ ɢ ɜɟɫɶɦɚ ɚɤɬɭɚɥɶɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ ɪɚɡɜɢɬɢɹ ȼɗɋ 
ɞɥɹ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɫɬɚɥɚ ɢɯ ɚɞɚɩɬɚɰɢɹ ɤ ɚɞɞɢɬɢɜɧɵɦ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɦ 
ɬɟɯɧɨɥɨɝɢɹɦ ɩɨɫɥɨɣɧɨɝɨ ɥɚɡɟɪɧɨɝɨ ɫɢɧɬɟɡɚ ɧɚ ɩɨɞɥɨɠɤɟ Д1βЖ ɢ ɩɪɹɦɨɝɨ ɥɚɡɟɪɧɨɝɨ ɜɵ-
ɪɚɳɢɜɚɧɢɹ Д14Ж, ɜ ɱɚɫɬɧɨɫɬɢ in-situ ɫɢɧɬɟɡ ɫɩɥɚɜɨɜ ɜɨ ɜɪɟɦɹ ɩɨɫɬɪɨɟɧɢɹ ɬɪɟɯɦɟɪɧɵɯ 
ɮɢɡɢɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ ɢɡ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɯ ɩɨɪɨɲɤɨɜɵɯ ɫɦɟɫɟɣ Д15Ж. 

ɉɟɪɫɩɟɤɬɢɜɚ ɩɪɢɦɟɧɟɧɢɹ ɚɞɞɢɬɢɜɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɞɥɹ ɩɟɱɚɬɢ ɢɡɞɟɥɢɣ ɢɡ ɬɭɝɨ-
ɩɥɚɜɤɢɯ ɫɩɥɚɜɨɜ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɞɨɫɬɢɠɟɧɢɢ ɡɚɞɚɧɧɵɯ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ  
ɢɡɞɟɥɢɣ, ɩɨɜɵɲɟɧɢɢ ɯɢɦɢɱɟɫɤɨɣ ɨɞɧɨɪɨɞɧɨɫɬɢ ɡɚ ɫɱɟɬ ɩɨɞɚɜɥɟɧɢɹ ɥɢɤɜɚɰɢɢ ɜ ɧɟɷɤɜɢ-
ɚɬɨɦɧɵɯ ɫɨɫɬɚɜɚɯ ɢ ɭɦɟɧɶɲɟɧɢɹ ɪɚɡɦɟɪɚ ɡɟɪɧɚ ДγλЖ. Ʉɪɨɦɟ ɬɨɝɨ, ɩɪɢɦɟɧɟɧɢɟ ȼɗɋ ɜ 
ɚɞɞɢɬɢɜɧɵɯ ɬɟɯɧɨɥɨɝɢɹɯ ɥɚɡɟɪɧɨɝɨ ɫɢɧɬɟɡɚ ɨɛɥɟɝɱɚɟɬɫɹ ɩɭɬɟɦ ɮɨɪɦɢɪɨɜɚɧɢɹ ɦɚɬɟɪɢɚ-
ɥɚ ɫ ɨɞɧɨɮɚɡɧɨɣ ɫɬɪɭɤɬɭɪɨɣ ɜ ɜɢɞɟ ɈɐɄ ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ, ɨɛɥɚɞɚɸɳɟɝɨ ɞɨɫɬɚɬɨɱɧɨ 
ɜɵɫɨɤɨɣ ɩɥɚɫɬɢɱɧɨɫɬɶɸ. ɗɬɨ ɭɦɟɧɶɲɚɟɬ ɨɫɬɚɬɨɱɧɵɟ ɧɚɩɪɹɠɟɧɢɹ, ɩɪɟɞɨɬɜɪɚɳɚɟɬ ɡɚ-
ɪɨɠɞɟɧɢɟ ɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɦɢɤɪɨɬɪɟɳɢɧ, ɱɚɫɬɨ ɧɚɛɥɸɞɚɟɦɵɯ ɜɞɨɥɶ ɦɟɠɡɟɪɟɧɧɵɯ 
ɝɪɚɧɢɰ ɜ ɢɡɞɟɥɢɹɯ, ɩɨɥɭɱɟɧɧɵɯ ɦɟɬɨɞɨɦ ɫɟɥɟɤɬɢɜɧɨɝɨ ɥɚɡɟɪɧɨɝɨ ɫɩɥɚɜɥɟɧɢɹ (ɋɅɋ), ɢɡ 
ɦɧɨɝɨɮɚɡɧɵɯ ɜɵɫɨɤɨɥɟɝɢɪɨɜɚɧɧɵɯ ɧɢɤɟɥɟɜɵɯ ɫɭɩɟɪɫɩɥɚɜɨɜ. ɇɚɩɪɢɦɟɪ, ɜ ɫɩɥɚɜɟ 
ɗɉ741ɇɉ ɡɚɪɨɠɞɟɧɢɟ ɦɢɤɪɨɬɪɟɳɢɧ ɩɪɨɢɫɯɨɞɢɬ ɜ ɦɟɫɬɚɯ ɨɛɪɚɡɨɜɚɧɢɹ ɧɚɧɨɱɚɫɬɢɰ ɮɚɡ 
Ʌɚɜɟɫɚ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɯ ɫɨɛɨɣ ɤɨɧɰɟɧɬɪɚɬɨɪɵ ɧɚɩɪɹɠɟɧɢɣ. ɉɨɷɬɨɦɭ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ 
ɬɪɟɛɭɟɦɵɯ ɫɜɨɣɫɬɜ ɋɅɋ-ɞɟɬɚɥɢ ɢɡ ɫɩɥɚɜɚ ɗɉ741ɇɉ ɩɨɞɜɟɪɝɚɸɬ ɝɚɡɨɫɬɚɬɢɱɟɫɤɨɣ ɨɛɪɚ-
ɛɨɬɤɟ ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɡɚɤɚɥɤɨɣ ɧɚ ɜɨɡɞɭɯɟ ɢ ɫɬɚɪɟɧɢɟɦ. 

Ɉɞɢɧ ɢɡ ɩɪɢɦɟɪɨɜ ɩɟɪɫɩɟɤɬɢɜɧɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɚɞɞɢɬɢɜɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɞɥɹ ɩɟ-
ɱɚɬɢ ɢɦɩɥɚɧɬɚɬɨɜ ɢɡ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɤɥɚɫɫɚ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɪɚɫɫɦɨɬ-
ɪɟɧ ɜ ɫɬɚɬɶɟ Д1βЖ, ɩɨɫɜɹɳɟɧɧɨɣ ɢɡɭɱɟɧɢɸ ɫɬɪɭɤɬɭɪɵ ɢ ɫɜɨɣɫɬɜ ɛɢɨɫɨɜɦɟɫɬɢɦɨɝɨ ȼɗɋ 
ɧɟɷɤɜɢɚɬɨɦɧɨɝɨ ɫɨɫɬɚɜɚ TТ1,4Nb0,6Ta0,6Zr1,4Mo0,6. Ʉɨɦɩɚɤɬɧɵɟ ɨɛɪɚɡɰɵ ɩɨɥɭɱɚɥɢ ɩɨ ɬɟɯ-
ɧɨɥɨɝɢɢ ɋɅɋ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɥɟɝɢɪɨɜɚɧɧɨɝɨ ɩɨɪɨɲɤɚ ɞɢɫɩɟɪɫɧɨɫɬɶɸ 10–6γ ɦɤɦ 
(D50 = 26,8 ɦɤɦ) ɧɚ ɭɫɬɚɧɨɜɤɟ EτS εβλ0 ɮɢɪɦɵ EτS (Ƚɟɪɦɚɧɢɹ). ɉɟɱɚɬɶ ɨɛɪɚɡɰɨɜ 
ɩɪɨɜɨɞɢɥɢ ɩɪɢ ɫɥɟɞɭɸɳɢɯ ɩɚɪɚɦɟɬɪɚɯ: ɦɨɳɧɨɫɬɶ ɥɚɡɟɪɚ γ60 ȼɬ, ɫɤɨɪɨɫɬɶ ɫɤɚɧɢɪɨɜɚ-
ɧɢɹ 1β00 ɦɦ/ɫ, ɢɧɬɟɪɜɚɥ ɫɤɚɧɢɪɨɜɚɧɢɹ 0,0κ ɦɦ ɢ ɬɨɥɳɢɧɚ ɩɨɪɨɲɤɨɜɨɝɨ ɫɥɨɹ 60 ɦɤɦ. 
ɉɨɥɭɱɟɧɧɵɟ ɋɅɋ-ɨɛɪɚɡɰɵ ɢɫɫɥɟɞɭɟɦɨɝɨ ɫɩɥɚɜɚ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɥɢ ɨɛɪɚɡɨɜɚɧɢɟ 
ɦɟɥɤɨɡɟɪɧɢɫɬɨɣ ɫɬɪɭɤɬɭɪɵ ɫ ɩɨɞɚɜɥɟɧɧɨɣ ɥɢɤɜɚɰɢɟɣ ɢ ɛɢɦɨɞɚɥɶɧɵɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ 
ɡɟɪɟɧ ɩɨ ɪɚɡɦɟɪɚɦ. ɉɨɪɢɫɬɨɫɬɶ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɫɨɫɬɚɜɥɹɥɚ 0,5 %.  

Ⱥɜɬɨɪɵ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɞɟɥɚɸɬ ɚɤɰɟɧɬ ɧɚ ɩɨɞɚɜɥɟɧɢɢ ɫɟɝɪɟɝɚ-
ɰɢɢ ɷɥɟɦɟɧɬɨɜ, ɩɪɢɜɨɞɹ ɞɚɧɧɵɟ ɪɟɧɬɝɟɧɨɮɚɡɨɜɨɝɨ ɚɧɚɥɢɡɚ ɢ ɦɢɤɪɨɫɬɪɭɤɬɭɪɧɵɯ ɢɫɫɥɟ-
ɞɨɜɚɧɢɣ. ɋɪɟɞɧɢɟ ɪɚɡɦɟɪɵ ɞɟɧɞɪɢɬɨɜ ɫɨɫɬɚɜɥɹɥɢ β,5 ɢ γ1 ɦɤɦ ɜ ɲɢɪɢɧɭ ɢ ɞɥɢɧɭ ɫɨɨɬ-
ɜɟɬɫɬɜɟɧɧɨ. ɍɫɥɨɜɧɵɣ ɩɪɟɞɟɥ ɬɟɤɭɱɟɫɬɢ ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ ɫɨɫɬɚɜɢɥ 16λ0±7κ Ɇɉɚ, ɱɬɨ 
ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɶɲɟ, ɱɟɦ ɭ ɥɢɬɨɝɨ ɫɩɥɚɜɚ ɬɨɝɨ ɠɟ ɫɨɫɬɚɜɚ (ı0,2 = 1140 Ɇɉɚ). ɂɫɬɢɧɧɚɹ 
ɞɟɮɨɪɦɚɰɢɹ ɩɪɢ ɪɚɡɪɵɜɟ ɧɟ ɩɪɟɜɵɲɚɥɚ 1,γβ±0,1λ %. ɍɜɟɥɢɱɟɧɢɟ ɩɪɟɞɟɥɚ ɬɟɤɭɱɟɫɬɢ 
ɩɪɢ ɭɦɟɧɶɲɟɧɢɢ ɩɥɚɫɬɢɱɧɨɫɬɢ ɨɛɭɫɥɨɜɥɟɧɨ ɮɨɪɦɢɪɨɜɚɧɢɟɦ ɛɢɦɨɞɚɥɶɧɨɣ ɫɬɪɭɤɬɭɪɵ ɫ 
ɪɚɡɥɢɱɧɨɣ ɨɪɢɟɧɬɚɰɢɟɣ ɡɟɪɟɧ ɢ ɜɵɫɨɤɢɦɢ ɨɫɬɚɬɨɱɧɵɦɢ ɧɚɩɪɹɠɟɧɢɹɦɢ ɜɫɥɟɞɫɬɜɢɟ ɝɪɚ-
ɞɢɟɧɬɚ ɬɟɦɩɟɪɚɬɭɪ ɜɞɨɥɶ ɨɫɢ z. ɉɨɜɵɫɢɬɶ ɩɥɚɫɬɢɱɟɫɤɭɸ ɞɟɮɨɪɦɚɰɢɸ ɫɩɥɚɜɚ ɜɨɡɦɨɠɧɨ 
ɩɭɬɟɦ ɩɪɢɦɟɧɟɧɢɹ ɨɬɠɢɝɚ ɞɥɹ ɪɟɥɚɤɫɚɰɢɢ ɧɚɩɪɹɠɟɧɢɣ. Ʉɪɨɦɟ ɬɨɝɨ, ɫɩɥɚɜ ɜ ɫɨɫɬɨɹɧɢɢ 
ɋɅɋ ɩɨɤɚɡɚɥ ɜɵɫɨɤɭɸ ɛɢɨɫɨɜɦɟɫɬɢɦɨɫɬɶ ɫ ɤɨɫɬɧɨɣ ɬɤɚɧɶɸ, ɫɨɩɨɫɬɚɜɢɦɭɸ ɫ ɬɚɤɨɜɨɣ 
ɞɥɹ ɬɟɯɧɢɱɟɫɤɢ ɱɢɫɬɨɝɨ ɬɢɬɚɧɚ, ɧɚɢɛɨɥɟɟ ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɜ ɦɟɞɢɰɢɧɟ. 

Ɇɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɧɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɞɥɹ ɚɞɞɢɬɢɜɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ 
ȼɗɋ ɨɛɨɛɳɟɧɵ ɜ ɬɚɛɥ. 4. ɇɚɢɛɨɥɟɟ ɜɵɫɨɤɢɦɢ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ ɨɛ-
ɥɚɞɚɥɢ ɫɩɥɚɜɵ ɫɨɫɬɚɜɨɜ AlMo0,5NbTa0,5TiZr, TiZrNbTa ɢ Zr1,2V0,8NbTi3,6Al 0,6.  

ɉɭɬɟɦ ɨɩɬɢɦɢɡɚɰɢɢ ɫɨɫɬɚɜɚ ɷɬɢɯ ɫɩɥɚɜɨɜ ɜ ɫɨɱɟɬɚɧɢɢ ɫ ɚɞɞɢɬɢɜɧɵɦɢ ɬɟɯɧɨɥɨ-
ɝɢɹɦɢ ɥɚɡɟɪɧɨɝɨ ɫɢɧɬɟɡɚ ɧɚ ɩɨɞɥɨɠɤɟ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɣ ɪɟɚɥɢɡɚɰɢɹ ɨɩɵɬɧɨɝɨ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɬɟɩɥɨɧɚɝɪɭɠɟɧɧɵɯ ɞɟɬɚɥɟɣ ɫ ɪɚɛɨɱɟɣ ɬɟɦɩɟɪɚɬɭɪɨɣ, ɧɟ ɞɨɫɬɢɠɢɦɨɣ ɞɥɹ ɧɢ-
ɤɟɥɟɜɵɯ ɫɭɩɟɪɫɩɥɚɜɨɜ. ɗɬɨ ɛɭɞɟɬ ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ ɪɚɡɜɢɬɢɸ ɚɜɢɚɤɨɫɦɢɱɟɫɤɨɣ ɨɬɪɚɫɥɢ. 
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Ɍɚɛɥɢɰɚ 4 
Ɍɟɪɦɨɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɬɭɝɨɩɥɚɜɤɢɯ ɜɵɫɨɤɨɷɧɬɪɨɩɢɣɧɵɯ ɫɩɥɚɜɨɜ  

ɩɪɢ ɫɠɚɬɢɢ ɢ ɪɚɫɬɹɠɟɧɢɢ 
ȼɢɞ ɢɫɩɵɬɚɧɢɹ ɋɩɥɚɜ (ɩɥɨɬɧɨɫɬɶ) ɋɜɨɣɫɬɜɚ Ɂɧɚɱɟɧɢɹ ɫɜɨɣɫɬɜ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɢɫɩɵɬɚɧɢɹ, °C 

25 800 1000 1200 

ɉɪɢ ɫɠɚɬɢɢ 

V20Nb20Mo20Ta20W20 
(1β,4 ɝ/ɫɦ3) 

ı0,2, Ɇɉɚ 1058 552 548 506 
ıɜ, Ɇɉɚ 1211 – 1008 803 
į, % 1,5 – 16 12 

AlMo 0,5NbTa0,5TiZr 
(7,4 ɝ/ɫɦ3) 

ı0,2, Ɇɉɚ 2000 1597 745 250 
ıɜ, Ɇɉɚ 2368 1810 772 275 
į, % 10 11 >50 >50 

HfMoScTaZr 
( λ,γ ɝ/ɫɦ3) 

ı0,2, Ɇɉɚ 1778 1118 963 498 
ıɜ, Ɇɉɚ – – – – 
į, % 28 35 >42 >42 

TiZrNbTa 
(8,β ɝ/ɫɦ3) 

ı0,2, Ɇɉɚ 1760 550 351 210 
ıɜ, Ɇɉɚ 1886 588 410 193 
į, % ~40 >30 >30 >30 

Al 0,4Hf0,6NbTaTiZr  
(λ,0 ɝ/ɫɦ3) 

ı0,2, Ɇɉɚ 1841 796 298 – 
ıɜ, Ɇɉɚ 2269 834 455 – 
į, % 10 >50 >50 – 

MoNbTaVW 
(10,5 ɝ/ɫɦ3) 

ı0,2, Ɇɉɚ 1246 846 842 – 
ıɜ, Ɇɉɚ 1270 1536 1454 – 
į, % 1,7 17 19 – 

AlTiZrNbHf 
(7,κ ɝ/ɫɦ3) 

ı0,2, Ɇɉɚ 1245 – – – 
ıɜ, Ɇɉɚ ~2000 – – – 
į, % 28 – – – 

ɉɪɢ  
ɪɚɫɬɹɠɟɧɢɢ 

Hf0,5Nb0,5Ta0,5Ti1,5Zr 
(8,13 ɝ/ɫɦ3) 

ı0,2, Ɇɉɚ 900 – – – 
ıɜ, Ɇɉɚ 990 – – – 
į, % 19 – – – 

HfNbTiZr 
(8,4 ɝ/ɫɦ3) 

ı0,2, Ɇɉɚ 879 – – – 
ıɜ, Ɇɉɚ 969 – – – 
į, % 15 – – – 

TiZrHfNbTa 
(8,2 ɝ/ɫɦ3) 

ı0,2, Ɇɉɚ 885 – – – 
ıɜ, Ɇɉɚ 994 – – – 
į, % 23 – – – 

Zr1,2V0,8NbTi3,6Al 0,6 
(5,6 ɝ/ɫɦ3) 

ı0,2, Ɇɉɚ 1100 – – – 
ıɜ, Ɇɉɚ – – – – 
į, % 25 – – – 

V0,5Nb0,5ZrTi 
(6,0 ɝ/ɫɦ3) 

ı0,2, Ɇɉɚ 787 – – – 
ıɜ, Ɇɉɚ 913 – – – 
į, % 22 – – – 

 
Ɂɚɤɥɸɱɟɧɢɹ 

ɋɞɟɥɚɧɧɵɣ ɨɛɡɨɪ ɩɨɤɚɡɵɜɚɟɬ ɩɟɪɫɩɟɤɬɢɜɧɨɫɬɶ ɪɚɡɪɚɛɨɬɤɢ ɥɟɝɤɢɯ ɬɭɝɨɩɥɚɜɤɢɯ 
ȼɗɋ ɧɟɷɤɜɢɚɬɨɦɧɨɝɨ ɫɨɫɬɚɜɚ ɜ ɜɢɞɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɥɟɝɢɪɨɜɚɧɧɵɯ ɩɨɪɨɲɤɨɜ ɢ ɢɯ 
ɚɩɪɨɛɚɰɢɸ ɜ ɚɞɞɢɬɢɜɧɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ ɬɟɩɥɨɧɚɝɪɭɠɟɧɧɵɯ ɞɟɬɚɥɟɣ ɝɚɡɨɬɭɪɛɢɧɧɵɯ ɞɜɢ-
ɝɚɬɟɥɟɣ. Ⱦɚɧɧɵɣ ɜɵɜɨɞ ɫɥɟɞɭɟɬ ɢɡ ɤɨɦɩɥɟɤɫɧɨɝɨ ɚɧɚɥɢɡɚ ɜɡɚɢɦɨɫɜɹɡɢ ɫɩɨɫɨɛɚ ɩɨɥɭɱɟ-
ɧɢɹ, ɫɨɫɬɚɜɚ, ɫɬɪɭɤɬɭɪɵ ɢ ɫɜɨɣɫɬɜ ȼɗɋ, ɞɟɦɨɧɫɬɪɢɪɭɸɳɢɯ ɭɥɭɱɲɟɧɧɵɟ ɷɤɫɩɥɭɚɬɚɰɢ-
ɨɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ ɞɨ 1β00 °C ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɜɵɫɨɤɨɥɟɝɢ-
ɪɨɜɚɧɧɵɦɢ ɧɢɤɟɥɟɜɵɦɢ ɫɭɩɟɪɫɩɥɚɜɚɦɢ. Ɇɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ȼɗɋ ɞɨɫɬɢɝɚɸɬɫɹ  
ɩɭɬɟɦ ɬɜɟɪɞɨɪɚɫɬɜɨɪɧɨɝɨ ɭɩɪɨɱɧɟɧɢɹ, ɩɪɢ ɤɨɬɨɪɨɦ ɜɧɨɫɢɦɵɟ ɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɭɸ ɪɟ-
ɲɟɬɤɭ ɢɫɤɚɠɟɧɢɹ ɩɨɜɵɲɚɸɬ ɤɪɢɬɢɱɟɫɤɢɟ ɧɚɩɪɹɠɟɧɢɹ ɫɞɜɢɝɚ ɞɢɫɥɨɤɚɰɢɣ. Ɇɧɨɝɢɟ ȼɗɋ 
ɢɦɟɸɬ ɜɵɫɨɤɭɸ ɩɥɨɬɧɨɫɬɶ ɢ ɧɢɡɤɭɸ ɩɥɚɫɬɢɱɧɨɫɬɶ, ɱɬɨ ɪɟɡɤɨ ɨɝɪɚɧɢɱɢɜɚɟɬ ɢɯ ɨɛɥɚɫɬɶ 
ɩɪɢɦɟɧɟɧɢɹ ɞɥɹ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɩɨɤɪɵɬɢɣ. Ɍɟɦ ɧɟ ɦɟɧɟɟ ɨɛɲɢɪɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ 



ʮа̬оп̬оч̦̼е ̭пла̼̏ ̛ ̭тал̛  

 

 

АȐиаȤиȜțțые Țатериаșы и теȣțȜșȜȑии / Aviation materials and technologies  2 (67)  2022                            39 

 

ɩɨɤɚɡɵɜɚɸɬ ɜɨɡɦɨɠɧɨɫɬɶ ɨɩɬɢɦɢɡɚɰɢɢ ɩɥɚɫɬɢɱɧɨɫɬɢ ɢ ɩɪɨɱɧɨɫɬɢ ɩɭɬɟɦ ɨɬɤɥɨɧɟɧɢɹ ɨɬ 
ɫɬɟɯɢɨɦɟɬɪɢɢ ɢ ɜɜɟɞɟɧɢɹ ɜ ɫɨɫɬɚɜ ɷɥɟɦɟɧɬɨɜ, ɩɥɚɫɬɢɱɧɵɯ ɩɨ ɫɜɨɟɣ ɩɪɢɪɨɞɟ. 

ɉɪɨɢɡɜɨɞɫɬɜɨ ɞɟɬɚɥɟɣ ɢɡ ɬɭɝɨɩɥɚɜɤɢɯ ȼɗɋ ɦɟɬɨɞɚɦɢ ɩɨɪɨɲɤɨɜɨɣ ɦɟɬɚɥɥɭɪɝɢɢ 
ɨɝɪɚɧɢɱɟɧɨ ɩɪɨɫɬɨɣ ɮɨɪɦɨɣ ɢ ɦɚɥɵɦɢ ɪɚɡɦɟɪɚɦɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɩɪɢɝɨɬɨɜɥɟɧɢɟ ɩɨɪɨɲɤɨɜɵɯ 
ɫɦɟɫɟɣ ɢɫɯɨɞɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɨɞɢɬɶ ɜ ɜɵɫɨɤɨɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɲɚɪɨɜɵɯ 
ɦɟɥɶɧɢɰɚɯ ɫ ɰɟɥɶɸ ɢɯ ɚɤɬɢɜɢɪɨɜɚɧɢɹ ɢ ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ ɩɪɨɰɟɫɫɚ ɫɩɟɤɚɧɢɹ, ɱɬɨ ɫɬɚɧɨɜɢɬɫɹ 
ɩɪɢɱɢɧɨɣ ɩɨɜɵɲɟɧɢɹ ɞɨɥɢ ɩɪɢɦɟɫɟɣ ɤɢɫɥɨɪɨɞɚ ɢ ɠɟɥɟɡɚ ɜ ɫɩɥɚɜɚɯ. ɉɨɷɬɨɦɭ ɩɪɢɦɟɧɟɧɢɟ 
ɦɟɬɨɞɨɜ ɩɨɪɨɲɤɨɜɨɣ ɦɟɬɚɥɥɭɪɝɢɢ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ȼɗɋ ɧɟ ɢɦɟɟɬ ɲɢɪɨɤɨɝɨ ɪɚɡɜɢɬɢɹ.  

Ʌɢɬɟɣɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɫɥɨɠɧɨɩɪɨɮɢɥɶɧɵɯ ɞɟɬɚɥɟɣ ɢɡ ɬɭɝɨ-
ɩɥɚɜɤɢɯ ȼɗɋ ɬɚɤɠɟ ɧɟ ɢɦɟɸɬ ɩɟɪɫɩɟɤɬɢɜɵ ɩɨ ɩɪɢɱɢɧɟ ɧɢɡɤɢɯ ɥɢɬɟɣɧɵɯ ɫɜɨɣɫɬɜ, ɩɪɨ-
ɹɜɥɟɧɢɹ ɥɢɤɜɚɰɢɢ ɢ ɨɛɪɚɡɨɜɚɧɢɹ ɞɟɧɞɪɢɬɧɨɣ ɫɬɪɭɤɬɭɪɵ ɡɟɪɟɧ, ɫɧɢɠɚɸɳɟɣ ɩɪɨɱɧɨɫɬɶ ɢ 
ɩɥɚɫɬɢɱɧɨɫɬɶ ɫɩɥɚɜɚ. 
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Abstract. A review of the micro-crack formation mechanism in SLM nickel superalloys and 
methods for reducing crack density is performed. It is shown that micro-cracks are caused by 
thermal stresses due to the temperature gradient and shrinkage of the upper layers. The effec-
tive method for micro-crack reducing includes using the optimal parameters of the technologi-
cal process (laser power, scanning strategy, build platform heating) in combination with the 
modification of the alloy chemical composition in order to increase the ultimate tensile stress. 
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ȼɜɟɞɟɧɢɟ 
Ɇɟɬɨɞ ɫɟɥɟɤɬɢɜɧɨɝɨ ɥɚɡɟɪɧɨɝɨ ɫɩɥɚɜɥɟɧɢɹ (ɋɅɋ) ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɩɨɪɨɲɤɨɜ ɩɨɡ-

ɜɨɥɹɟɬ ɢɡɝɨɬɚɜɥɢɜɚɬɶ ɞɟɬɚɥɢ ɜɵɫɨɤɨɣ ɫɥɨɠɧɨɫɬɢ ɫ ɦɢɧɢɦɚɥɶɧɵɦɢ ɨɬɯɨɞɚɦɢ ɫɵɪɶɹ. ɗɬɨ 
ɨɫɨɛɟɧɧɨ ɚɤɬɭɚɥɶɧɨ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢɡɞɟɥɢɣ ɢɡ ɧɢɤɟɥɟɜɵɯ ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ, 
ɩɪɢɦɟɧɹɟɦɵɯ ɜ ɚɷɪɨɤɨɫɦɢɱɟɫɤɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ Д1–7Ж. Ɉɞɧɨɣ ɢɡ ɨɫɧɨɜɧɵɯ ɩɪɨɛɥɟɦ, 
ɩɪɟɩɹɬɫɬɜɭɸɳɢɯ ɲɢɪɨɤɨɦɭ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɋɅɋ, ɹɜɥɹɟɬɫɹ ɧɚɪɭɲɟɧɢɟ ɰɟɥɨɫɬɧɨɫɬɢ ɫɢɧ-
ɬɟɡɢɪɭɟɦɵɯ ɢɡɞɟɥɢɣ ɜɫɥɟɞɫɬɜɢɟ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɜ ɧɢɯ ɨɫɬɚɬɨɱɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɢ ɦɢɤɪɨ-
ɬɪɟɳɢɧ. ɇɟɤɨɬɨɪɵɟ ɠɚɪɨɩɪɨɱɧɵɟ ɧɢɤɟɥɟɜɵɟ ɫɩɥɚɜɵ ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɵ ɤɚɤ ɨɫɨɛɟɧɧɨ 
ɱɭɜɫɬɜɢɬɟɥɶɧɵɟ ɤ ɦɢɤɪɨɬɪɟɳɢɧɚɦ ɧɚ ɨɫɧɨɜɚɧɢɢ ɞɚɧɧɵɯ ɨɛ ɢɯ ɫɜɚɪɢɜɚɟɦɨɫɬɢ ДκЖ. ȼ ɞɟɣ-
ɫɬɜɢɬɟɥɶɧɨɫɬɢ ɤɨɥɢɱɟɫɬɜɨ ɫɩɥɚɜɨɜ, ɩɨɞɜɟɪɠɟɧɧɵɯ ɨɛɪɚɡɨɜɚɧɢɸ ɬɪɟɳɢɧ ɩɪɢ ɋɅɋ, ɦɨɠɟɬ 
ɩɪɟɜɵɲɚɬɶ ɬɨ, ɨ ɤɨɬɨɪɨɦ ɫɨɨɛɳɚɟɬɫɹ ɜ ɨɬɤɪɵɬɨɦ ɞɨɫɬɭɩɟ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɩɨɧɢɦɚɧɢɟ 
ɩɪɢɱɢɧ ɨɛɪɚɡɨɜɚɧɢɹ ɦɢɤɪɨɬɪɟɳɢɧ ɢ ɩɭɬɢ ɛɨɪɶɛɵ ɫ ɧɢɦɢ ɩɪɟɞɫɬɚɜɥɹɸɬ ɢɧɬɟɪɟɫ ɩɪɢ ɩɪɨ-
ɢɡɜɨɞɫɬɜɟ ɦɟɬɨɞɨɦ ɋɅɋ ɢɡɞɟɥɢɣ ɢɡ ɧɢɤɟɥɟɜɵɯ ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ. 

 
Ɍɟɪɦɢɱɟɫɤɢɟ ɧɚɩɪɹɠɟɧɢɹ ɢ ɦɢɤɪɨɬɪɟɳɢɧɵ 

ȼ ɪɚɛɨɬɟ ДλЖ ɜɨɡɧɢɤɧɨɜɟɧɢɟ ɬɟɪɦɢɱɟɫɤɢɯ ɨɫɬɚɬɨɱɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɜ ɞɟɬɚɥɹɯ, ɢɡ-
ɝɨɬɨɜɥɟɧɧɵɯ ɦɟɬɨɞɨɦ ɋɅɋ, ɫɜɹɡɵɜɚɸɬ ɫ ɞɟɣɫɬɜɢɟɦ ɞɜɭɯ ɦɟɯɚɧɢɡɦɨɜ: ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ 
ɝɪɚɞɢɟɧɬɚ ɢ ɭɫɚɞɤɢ. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɟɪɜɵɦ ɦɟɯɚɧɢɡɦɨɦ ɛɵɫɬɪɵɣ ɧɚɝɪɟɜ ɜɟɪɯɧɟɝɨ 
ɫɥɨɹ ɜ ɫɨɱɟɬɚɧɢɢ ɫ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɢɡɤɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶɸ ɦɚɬɟɪɢɚɥɚ ɫɨɡɞɚɟɬ ɜɵɫɨ-
ɤɢɣ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɝɪɚɞɢɟɧɬ. ɍɜɟɥɢɱɟɧɢɟ ɜ ɨɛɴɟɦɟ ɜɟɪɯɧɟɝɨ ɫɥɨɹ ɫɞɟɪɠɢɜɚɟɬɫɹ ɡɧɚɱɢ-
ɬɟɥɶɧɨ ɛɨɥɟɟ ɯɨɥɨɞɧɵɦ ɧɢɠɧɢɦ ɫɥɨɟɦ, ɱɬɨ ɦɨɠɟɬ ɩɪɢɜɨɞɢɬɶ ɤ ɭɩɪɭɝɨɣ ɞɟɮɨɪɦɚɰɢɢ 
ɫɠɚɬɢɹ ɜɟɪɯɧɟɝɨ ɫɥɨɹ. Ɉɞɧɚɤɨ ɩɪɢ ɩɨɜɵɲɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɟɞɟɥ ɬɟɤɭɱɟɫɬɢ ɜɟɪɯɧɟɝɨ 
ɫɥɨɹ ɫɧɢɠɚɟɬɫɹ, ɱɬɨ ɫɩɨɫɨɛɫɬɜɭɟɬ ɟɝɨ ɩɥɚɫɬɢɱɟɫɤɨɦɭ ɫɠɚɬɢɸ. Ɉɯɥɚɠɞɟɧɢɟ ɩɥɚɫɬɢɱɟɫɤɢ 
ɫɠɚɬɨɝɨ ɜɟɪɯɧɟɝɨ ɫɥɨɹ ɩɪɢɜɨɞɢɬ ɤ ɟɝɨ ɭɫɚɞɤɟ, ɜɵɡɵɜɚɹ ɢɡɝɢɛ ɩɨ ɧɚɩɪɚɜɥɟɧɢɸ ɤ ɢɫɬɨɱ-
ɧɢɤɭ ɥɚɡɟɪɚ ɢ ɬɟɦ ɫɚɦɵɦ ɫɨɡɞɚɜɚɹ ɪɚɫɬɹɝɢɜɚɸɳɟɟ ɧɚɩɪɹɠɟɧɢɟ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɩɨɫɬɪɨɟ-
ɧɢɹ. ɋɨɝɥɚɫɧɨ ɜɬɨɪɨɦɭ ɦɟɯɚɧɢɡɦɭ ɩɪɢ ɨɯɥɚɠɞɟɧɢɢ ɢ ɡɚɬɜɟɪɞɟɜɚɧɢɢ ɪɚɫɩɥɚɜɥɟɧɧɨɝɨ 
ɜɟɪɯɧɟɝɨ ɫɥɨɹ ɩɪɨɢɫɯɨɞɢɬ ɟɝɨ ɭɫɚɞɤɚ, ɤɨɬɨɪɚɹ ɫɞɟɪɠɢɜɚɟɬɫɹ ɛɨɥɟɟ ɯɨɥɨɞɧɵɦ ɧɢɠɟɥɟ-
ɠɚɳɢɦ ɫɥɨɟɦ ɦɚɬɟɪɢɚɥɚ, ɜɵɡɵɜɚɹ ɪɚɫɬɹɝɢɜɚɸɳɟɟ ɧɚɩɪɹɠɟɧɢɟ ɜ ɜɟɪɯɧɟɦ ɫɥɨɟ ɢ ɫɠɢ-
ɦɚɸɳɟɟ – ɜ ɧɢɠɧɟɦ ɫɥɨɟ. 

Ɉɛɚ ɦɟɯɚɧɢɡɦɚ ɦɨɝɭɬ ɩɪɢɜɟɫɬɢ ɤ ɫɧɹɬɢɸ ɧɚɩɪɹɠɟɧɢɹ ɜɫɥɟɞɫɬɜɢɟ ɪɚɡɪɭɲɟɧɢɹ, 
ɟɫɥɢ ɜɟɥɢɱɢɧɚ ɪɚɫɬɹɝɢɜɚɸɳɟɝɨ ɧɚɩɪɹɠɟɧɢɹ ɜ ɨɩɪɟɞɟɥɟɧɧɨɣ ɬɨɱɤɟ ɩɪɢ ɨɩɪɟɞɟɥɟɧɧɨɣ 
ɬɟɦɩɟɪɚɬɭɪɟ ɩɪɟɜɵɲɚɟɬ ɩɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ ɬɜɟɪɞɨɝɨ ɦɚɬɟɪɢɚɥɚ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɪɚɡɪɭɲɟ-
ɧɢɟ ɛɭɞɟɬ ɧɨɫɢɬɶ ɯɚɪɚɤɬɟɪ ɝɨɪɹɱɟɝɨ ɪɚɫɬɪɟɫɤɢɜɚɧɢɹ ɢ ɟɝɨ ɧɟ ɫɥɟɞɭɟɬ ɩɭɬɚɬɶ ɫ ɪɚɫɬɪɟɫ-
ɤɢɜɚɧɢɟɦ ɩɪɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ/ɥɢɤɜɚɰɢɢ, ɤɨɬɨɪɨɟ ɹɜɥɹɟɬɫɹ ɪɟɡɭɥɶɬɚɬɨɦ ɮɨɪɦɢɪɨɜɚɧɢɹ 
ɥɟɝɤɨɩɥɚɜɤɨɣ ɷɜɬɟɤɬɢɱɟɫɤɨɣ ɮɚɡɵ ɢɥɢ ɠɢɞɤɨɣ ɩɥɟɧɤɢ ɧɚ ɝɪɚɧɢɰɚɯ ɡɟɪɟɧ Д10Ж. 

 
Ɍɟɪɦɨɫɬɨɣɤɨɫɬɶ ɢ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɟɩɥɨɜɨɦɭ ɭɞɚɪɭ 

ȼ ɪɚɛɨɬɟ Д11Ж ɜɵɫɤɚɡɚɧɨ ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɨ ɬɨɦ, ɱɬɨ ɬɟɯɧɨɥɨɝɢɱɧɨɫɬɶ ɦɟɬɚɥɥɢɱɟ-
ɫɤɢɯ ɢɡɞɟɥɢɣ ɡɚɜɢɫɢɬ ɨɬ ɞɜɭɯ ɩɨɤɚɡɚɬɟɥɟɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ: ɬɟɪɦɨɫɬɨɣɤɨɫɬɢ ɢ ɫɨɩɪɨɬɢɜ-
ɥɟɧɢɹ ɬɟɩɥɨɜɨɦɭ ɭɞɚɪɭ. Ɍɟɪɦɨɫɬɨɣɤɨɫɬɶ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɫɩɨɫɨɛɧɨɫɬɶ ɦɚɬɟɪɢɚɥɚ ɞɟɮɨɪ-
ɦɢɪɨɜɚɬɶɫɹ ɩɪɢ ɡɚɞɚɧɧɵɯ ɩɚɪɚɦɟɬɪɚɯ ɧɚɝɪɟɜɚ ɢ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɪɚɡɦɟɪɚɯ ɢɡɞɟɥɢɣ ɢ 
ɨɩɢɫɵɜɚɟɬɫɹ ɩɨɤɚɡɚɬɟɥɟɦ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ț/α, ɝɞɟ ț – ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ; α – ɤɨɷɮɮɢɰɢ-
ɟɧɬ ɬɟɩɥɨɜɨɝɨ ɪɚɫɲɢɪɟɧɢɹ. ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɬɟɩɥɨɜɨɦɭ ɭɞɚɪɭ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɫɩɨɫɨɛ-
ɧɨɫɬɶ ɦɚɬɟɪɢɚɥɚ ɩɪɨɬɢɜɨɫɬɨɹɬɶ ɨɛɪɚɡɨɜɚɧɢɸ ɬɪɟɳɢɧ ɜ ɪɟɡɭɥɶɬɚɬɟ ɢɡɦɟɧɟɧɢɹ ɬɟɦɩɟɪɚ-
ɬɭɪɵ ɩɪɢ ɡɚɞɚɧɧɵɯ ɩɚɪɚɦɟɬɪɚɯ ɧɚɝɪɟɜɚ ɢ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɪɚɡɦɟɪɚɯ ɞɟɬɚɥɢ. ɉɪɟɞɩɨɥɚ-
ɝɚɟɬɫɹ, ɱɬɨ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɚɹ ɬɟɪɦɨɫɬɨɣɤɨɫɬɶ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɦɢɧɢɦɚɥɶɧɨɣ ɞɟɮɨɪ-
ɦɚɰɢɟɣ, ɩɨɷɬɨɦɭ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɨ ɭɜɟɥɢɱɢɜɚɬɶ ɞɨ ɩɪɟɞɟɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɫɨɨɬɧɨɲɟɧɢɹ 
ț/α. Ⱦɥɹ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɬɟɩɥɨɜɨɦɭ ɭɞɚɪɭ ɧɟɨɛɯɨɞɢɦɨ, ɱɬɨɛɵ ɜɟ-
ɥɢɱɢɧɚ ɷɬɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɛɵɥɚ ɦɚɤɫɢɦɚɥɶɧɨɣ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɭɪɚɜɧɟɧɢɟɦ 



ʮа̬оп̬оч̦̼е ̭пла̼̏ ̛ ̭тал̛  

 

 

АȐиаȤиȜțțые Țатериаșы и теȣțȜșȜȑии / Aviation materials and technologies  2 (67)  2022                            45 

 

,
α

)ν1(ıĲ ɜ 


E

k                                                        (1) 

ɝɞɟ ıɜ – ɩɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ; ν – ɤɨɷɮɮɢɰɢɟɧɬ ɉɭɚɫɫɨɧɚ; E – ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ. (Ɉɛɵɱɧɨ ɜ ɭɪɚɜ-
ɧɟɧɢɢ (1) ɜɦɟɫɬɨ ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ ɢɫɩɨɥɶɡɭɸɬ ɩɪɟɞɟɥ ɬɟɤɭɱɟɫɬɢ, ɩɨɫɤɨɥɶɤɭ ɠɟɥɚɬɟɥɶɧɨ, ɱɬɨ-
ɛɵ ɦɚɬɟɪɢɚɥ ɧɟ ɞɟɮɨɪɦɢɪɨɜɚɥɫɹ ɩɥɚɫɬɢɱɟɫɤɢ. Ɉɞɧɚɤɨ ɞɥɹ ɚɧɚɥɢɡɚ ɬɪɟɳɢɧɨɨɛɪɚɡɨɜɚɧɢɹ ɜɟɥɢ-
ɱɢɧɚ ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ ɛɨɥɟɟ ɚɤɬɭɚɥɶɧɚ.) 

 
ȼ ɪɚɛɨɬɟ Д1βЖ ɭɤɚɡɚɧɨ, ɱɬɨ ɜɟɥɢɱɢɧɚ α ɨɛɪɚɬɧɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɜɟɥɢɱɢɧɟ E, ɩɨ-

ɷɬɨɦɭ ɡɧɚɦɟɧɚɬɟɥɶ ɜ ɮɨɪɦɭɥɟ (1) ɫɬɚɧɨɜɢɬɫɹ ɧɟɷɮɮɟɤɬɢɜɧɵɦ. ɗɬɨ ɬɚɤɠɟ ɨɡɧɚɱɚɟɬ, ɱɬɨ 
ɩɪɢ ɩɨɜɵɲɟɧɢɢ ɬɟɪɦɨɫɬɨɣɤɨɫɬɢ ɦɨɠɟɬ ɫɧɢɡɢɬɶɫɹ ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɢ ɦɟɯɚɧɢɱɟɫɤɚɹ 
ɩɪɨɱɧɨɫɬɶ ɫɩɥɚɜɚ. ɉɨɷɬɨɦɭ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɜɦɟɫɬɨ ɞɜɭɯ ɨɬɞɟɥɶɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɷɮɮɟɤ-
ɬɢɜɧɨɫɬɢ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɫɤɥɨɧɧɨɫɬɶ ɫɩɥɚɜɚ ɤ ɪɚɫɬɪɟɫɤɢɜɚɧɢɸ Ȥ, ɤɨɬɨɪɚɹ ɡɚɜɢɫɢɬ ɨɬ ɨɬ-
ɧɨɲɟɧɢɹ Ĳ/ıTS, ɝɞɟ ıTS – ɬɟɪɦɢɱɟɫɤɨɟ ɧɚɩɪɹɠɟɧɢɟ; ΔT – ɢɡɦɟɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ:   

ıTS = E∙α∙ΔT.                                                             (2) 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɦɟɬɚɥɥɚ ɝɨɪɹɱɟɦɭ ɪɚɫɬɪɟɫɤɢɜɚɧɢɸ ɞɨɥɠɧɨ 
ɜɵɩɨɥɧɹɬɶɫɹ ɧɟɪɚɜɟɧɫɬɜɨ ıɜ > ıTS ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɜɟɥɢɱɢɧɚ Ȥ ɞɨɥɠɧɚ ɛɵɬɶ ɛɨɥɶɲɟ 
ɟɞɢɧɢɰɵ. 

 
ȼɵɫɨɤɨɫɤɨɪɨɫɬɧɚɹ ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ ɢ ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ 

ɉɪɨɰɟɫɫ ɋɅɋ ɦɨɠɧɨ ɫɪɚɜɧɢɬɶ ɫ ɥɚɡɟɪɧɨɣ ɨɛɪɚɛɨɬɤɨɣ ɩɨɜɟɪɯɧɨɫɬɢ (ɥɚɡɟɪɧɨɟ 
ɩɥɚɤɢɪɨɜɚɧɢɟ), ɩɪɢ ɤɨɬɨɪɨɣ ɩɪɨɢɫɯɨɞɢɬ ɛɵɫɬɪɨɟ ɞɜɢɠɟɧɢɟ ɢɫɬɨɱɧɢɤɚ ɬɟɩɥɚ ɜɵɫɨɤɨɣ 
ɷɧɟɪɝɢɢ ɫɨ ɫɤɨɪɨɫɬɶɸ Vb. ɉɪɢ ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɤɨɪɨɫɬɶɸ ɩɟɪɟɦɟɳɟɧɢɹ ɮɪɨɧɬɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ Vs ɢ ɫɤɨɪɨɫɬɶɸ ɨɯɥɚ-
ɠɞɟɧɢɹ Д1γЖ. ɉɪɢ ɥɚɡɟɪɧɨɣ ɨɛɪɚɛɨɬɤɟ ɩɨɜɟɪɯɧɨɫɬɢ ɡɧɚɱɟɧɢɟ Vs ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɨɬ ɧɭɥɹ ɜ 
ɨɫɧɨɜɚɧɢɢ ɜɚɧɧɵ ɪɚɫɩɥɚɜɚ ɞɨ Vb ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɫɨɨɬɧɨɲɟɧɢɟɦ 
Vs = Vb ∙ cosθ, ɝɞɟ θ – ɭɝɨɥ ɦɟɠɞɭ ɫɤɨɪɨɫɬɹɦɢ Vs ɢ Vb (ɪɢɫ. 1). Ⱦɥɹ ɋɅɋ ɫɤɨɪɨɫɬɶ ɫɤɚɧɢ-
ɪɨɜɚɧɢɹ ɫɨɫɬɚɜɥɹɟɬ 0,1–1 ɦ/ɫ, ɚ ɡɧɚɱɢɬ, ɦɚɤɫɢɦɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɩɟɪɟɦɟɳɟɧɢɹ ɮɪɨɧɬɚ 
ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɦɨɠɟɬ ɫɬɪɟɦɢɬɶɫɹ ɤ ɷɬɢɦ ɠɟ ɡɧɚɱɟɧɢɹɦ. 
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Ɋɢɫ. 1. Ɏɨɪɦɢɪɨɜɚɧɢɟ ɜɚɧɧɵ ɪɚɫɩɥɚɜɚ ɩɪɢ ɥɚɡɟɪɧɨɣ ɨɛɪɚɛɨɬɤɟ ɩɨɜɟɪɯɧɨɫɬɢ ɫ ɜɵɫɨɤɨɣ  

ɫɤɨɪɨɫɬɶɸ ɫɤɚɧɢɪɨɜɚɧɢɹ Д14Ж: Vb – ɫɤɨɪɨɫɬɶ ɫɤɚɧɢɪɨɜɚɧɢɹ; Vs – ɫɤɨɪɨɫɬɶ ɩɟɪɟɦɟɳɟɧɢɹ ɮɪɨɧɬɚ 
ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ 

 
ɍɫɥɨɜɢɹ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɩɪɢ ɥɚɡɟɪɧɨɣ ɨɛɪɚɛɨɬɤɟ ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɛɨɥɶɲɢɧɫɬɜɟ 

ɫɥɭɱɚɟɜ ɩɪɢɜɨɞɹɬ ɤ ɫɬɨɥɛɱɚɬɨɦɭ (ɧɚɩɪɚɜɥɟɧɧɨɦɭ) ɪɨɫɬɭ ɞɟɧɞɪɢɬɨɜ Д1γ, 14Ж. ɉɪɢ ɜɵɫɨ-
ɤɨɦ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɝɪɚɞɢɟɧɬɟ ɞɟɧɞɪɢɬɵ ɮɨɪɦɢɪɭɸɬɫɹ ɜ ɧɚɩɪɚɜɥɟɧɢɢ, ɩɚɪɚɥɥɟɥɶɧɨɦ 
ɬɟɩɥɨɜɨɦɭ ɩɨɬɨɤɭ, ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ «ɜɚɧɧɚ ɪɚɫɩɥɚ-
ɜɚ/ɬɜɟɪɞɨɟ ɬɟɥɨ». ɉɪɢ ɋɅɋ ɩɪɨɢɫɯɨɞɢɬ ɷɩɢɬɚɤɫɢɚɥɶɧɨɟ ɜɵɪɚɳɢɜɚɧɢɟ ɞɟɧɞɪɢɬɨɜ,  
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ɩɨɫɤɨɥɶɤɭ ɤɚɠɞɵɣ ɫɥɨɣ ɩɨɜɬɨɪɧɨ ɭɩɥɨɬɧɹɟɬ ɛɨ ɥɶɲɭɸ ɱɚɫɬɶ ɩɪɟɞɵɞɭɳɟɝɨ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ 
ɜɵɯɨɞɭ ɞɟɧɞɪɢɬɨɜ ɡɚ ɩɪɟɞɟɥɵ ɧɟɫɤɨɥɶɤɢɯ ɫɥɨɟɜ. Ɉɪɢɟɧɬɚɰɢɹ ɞɟɧɞɪɢɬɨɜ ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ 
ɧɚɥɢɱɢɟɦ ɩɨɞɥɨɠɤɢ, ɫɨɡɞɚɸɳɟɣ ɦɨɳɧɵɣ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ, ɩɚɪɚɥɥɟɥɶɧɵɣ ɢ ɨɬɪɢɰɚɬɟɥɶɧɵɣ 
ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɧɚɩɪɚɜɥɟɧɢɸ ɩɨɫɬɪɨɟɧɢɹ. ȼɫɟ ɷɬɨ ɩɪɢɜɨɞɢɬ ɤ ɩɨɹɜɥɟɧɢɸ ɜɵɬɹɧɭɬɵɯ 
ɫɬɨɥɛɱɚɬɵɯ ɡɟɪɟɧ, ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɯ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɩɨɫɬɪɨɟɧɢɹ (ɨɫɶ z) [15, 16]. 

ɋ ɭɱɟɬɨɦ ɜɵɲɟɩɪɢɜɟɞɟɧɧɵɯ ɭɫɥɨɜɢɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɦɨɠɧɨ ɩɪɨɝɧɨɡɢɪɨɜɚɬɶ, 
ɱɬɨ Vs ≥ Di/į, ɝɞɟ Di – ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɢɢ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɷɥɟɦɟɧɬɚ, ɦ2/ɫ, ɚ į – ɲɢ-
ɪɢɧɚ ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ, ɦ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɭɫɥɨɜɢɹ ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ 
ɫɩɨɫɨɛɫɬɜɭɸɬ ɡɚɯɜɚɬɭ ɪɚɫɬɜɨɪɟɧɧɵɯ ɜɟɳɟɫɬɜ ɬɜɟɪɞɵɦ ɪɚɫɬɜɨɪɨɦ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɟɝɨ 
ɩɟɪɟɫɵɳɟɧɢɸ, ɚ ɡɧɚɱɢɬ, ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɩɥɚɜɥɹɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ ɬɟɩɥɨɜɨɦɭ ɭɞɚɪɭ Ĳ ɜ 
ɭɪɚɜɧɟɧɢɢ (1) ɦɨɠɧɨ ɩɨɜɵɫɢɬɶ ɩɭɬɟɦ ɭɩɪɨɱɧɟɧɢɹ ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ Д17Ж. 

 
ɋɧɢɠɟɧɢɟ ɩɥɨɬɧɨɫɬɢ ɦɢɤɪɨɬɪɟɳɢɧ 

ɉɥɨɬɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɦɢɤɪɨɬɪɟɳɢɧ ɢ ɜɟɥɢɱɢɧɚ ɬɟɪɦɢɱɟɫɤɢɯ ɧɚɩɪɹɠɟɧɢɣ 
ɦɨɝɭɬ ɛɵɬɶ ɫɧɢɠɟɧɵ ɩɭɬɟɦ ɭɩɪɚɜɥɟɧɢɹ ɩɚɪɚɦɟɬɪɚɦɢ ɥɚɡɟɪɧɨɝɨ ɫɤɚɧɢɪɨɜɚɧɢɹ ɢ ɧɚɝɪɟ-
ɜɚɟɦɵɯ ɩɥɚɬɮɨɪɦ. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɷɧɟɪɝɟɬɢɱɟɫɤɚɹ ɩɥɨɬɧɨɫɬɶ ɨɤɚɡɵɜɚɟɬ ɜɥɢɹɧɢɟ ɩɪɟ-
ɢɦɭɳɟɫɬɜɟɧɧɨ ɧɚ ɩɨɪɢɫɬɨɫɬɶ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɨɛɪɚɡɰɨɜ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɩɥɨɬɧɨɫɬɶ ɪɚɫ-
ɩɪɟɞɟɥɟɧɢɹ ɬɪɟɳɢɧ ɜ ɛɨɥɶɲɟɣ ɫɬɟɩɟɧɢ ɡɚɜɢɫɢɬ ɨɬ ɦɨɳɧɨɫɬɢ ɥɚɡɟɪɚ. ɋɨɝɥɚɫɧɨ ɦɨɞɟɥɢ, 
ɩɪɟɞɥɨɠɟɧɧɨɣ ɜ ɪɚɛɨɬɟ Д1κЖ, ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɩɪɨɮɢɥɶ ɡɚɜɢɫɢɬ ɨɬ ɦɨɳɧɨɫɬɢ ɥɚɡɟɪɚ ɡɧɚ-
ɱɢɬɟɥɶɧɨ ɛɨɥɶɲɟ, ɱɟɦ ɨɬ ɫɤɨɪɨɫɬɢ ɩɨɬɨɤɚ ɥɚɡɟɪɧɨɝɨ ɢɡɥɭɱɟɧɢɹ. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɦɟɯɚ-
ɧɢɡɦɨɦ ɨɛɪɚɡɨɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɝɪɚɞɢɟɧɬɚ, ɛɨɥɟɟ ɜɵɫɨɤɢɟ ɟɝɨ ɡɧɚɱɟɧɢɹ ɩɪɢɜɨɞɹɬ ɤ 
ɭɜɟɥɢɱɟɧɢɸ ɬɟɪɦɢɱɟɫɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ, ɚ ɫɥɟɞɨɜɚɬɟɥɶɧɨ,  ɤ ɛɨɥɟɟ ɢɧɬɟɧɫɢɜɧɨɦɭ ɨɛɪɚ-
ɡɨɜɚɧɢɸ ɬɪɟɳɢɧ ДλЖ.  

ȼ ɪɚɛɨɬɟ Д1λЖ ɢɫɫɥɟɞɨɜɚɥɢ ɜɥɢɹɧɢɟ ɫɬɪɚɬɟɝɢɢ ɫɤɚɧɢɪɨɜɚɧɢɹ ɧɚ ɪɚɫɬɪɟɫɤɢɜɚɧɢɟ 
ɫɩɥɚɜɚ Renц 104 ɢ ɜɵɹɫɧɢɥɢ, ɱɬɨ ɧɚɢɛɨɥɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɬɪɟɳɢɧ ɧɚɢɛɨɥɶɲɟɣ ɞɥɢɧɵ 
ɨɛɪɚɡɭɟɬɫɹ ɜ ɦɟɫɬɚɯ ɫɥɢɹɧɢɹ ɜɚɧɧ ɪɚɫɩɥɚɜɚ (ɪɢɫ. β). ɍɜɟɥɢɱɟɧɢɟ ɡɨɧ ɩɟɪɟɤɪɵɬɢɹ (over-
lapping zone) ɩɪɢ ɜɵɛɨɪɟ ɬɢɩɚ ɲɬɪɢɯɨɜɤɢ ɩɪɢɜɨɞɢɬ ɤ ɧɚɥɨɠɟɧɢɸ ɡɨɧ ɬɟɪɦɢɱɟɫɤɨɝɨ 
ɜɥɢɹɧɢɹ, ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ ɪɚɫɬɭɬ ɨɫɬɚɬɨɱɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɢ ɭɜɟɥɢɱɢɜɚɸɬɫɹ ɤɨɥɢɱɟɫɬɜɨ ɢ 
ɪɚɡɦɟɪ ɬɪɟɳɢɧ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɨɛɪɚɡɰɚɯ, ɫɤɚɧɢɪɨɜɚɧɧɵɯ «ɡɦɟɣɤɨɣ» (snake scanning), 
ɭɫɬɚɧɨɜɥɟɧɵ ɧɚɢɛɨɥɶɲɚɹ ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɩɥɨɬɧɨɫɬɶ ɢɡɝɨɬɨɜɥɟɧɧɵɯ ɨɛɪɚɡɰɨɜ ɢ 
ɧɚɢɦɟɧɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɬɪɟɳɢɧ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫɨ ɲɬɪɢɯɨɜɤɨɣ ɬɢɩɚ «ɩɨɥɨɫɵ ɫ ɩɟɪɟɝɨ-
ɪɨɞɤɚɦɢ» (stripe partition scanning) ɢ «ɲɚɯɦɚɬɧɨɣ» ɲɬɪɢɯɨɜɤɨɣ (chessboard partition 
scanning). ɉɪɢ ɷɬɨɦ ɚɜɬɨɪɵ ɪɚɛɨɬɵ Д1λЖ ɨɬɦɟɱɚɸɬ ɧɟɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨ-
ɥɢɱɟɫɬɜɟɧɧɨɣ ɜɡɚɢɦɨɫɜɹɡɢ ɦɟɠɞɭ ɩɥɨɬɧɨɫɬɶɸ ɬɪɟɳɢɧ ɢ ɢɡɦɟɪɟɧɧɵɦɢ ɨɫɬɚɬɨɱɧɵɦɢ 
ɧɚɩɪɹɠɟɧɢɹɦɢ, ɬɚɤ ɤɚɤ ɪɚɫɬɪɟɫɤɢɜɚɧɢɟ ɩɪɢɜɨɞɢɬ ɤ ɱɚɫɬɢɱɧɨɦɭ ɢɯ ɫɧɹɬɢɸ, ɢ ɞɚɧɧɵɟ ɨ 
ɜɟɥɢɱɢɧɟ ɨɫɬɚɬɨɱɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɢ ɩɥɨɬɧɨɫɬɢ ɬɪɟɳɢɧ ɧɟ ɫɨɝɥɚɫɭɸɬɫɹ ɦɟɠɞɭ ɫɨɛɨɣ. 

ȼ ɪɚɛɨɬɟ Дβ0Ж ɢɫɫɥɟɞɨɜɚɥɢ ɫɬɪɭɤɬɭɪɭ ɥɟɝɢɪɨɜɚɧɧɨɝɨ ɧɢɨɛɢɟɦ ɢ ɦɨɥɢɛɞɟɧɨɦ 
ɫɩɥɚɜɚ Inconel 6β5, ɢɡɝɨɬɨɜɥɟɧɧɨɝɨ ɦɟɬɨɞɨɦ ɋɅɋ. ɇɚ ɤɪɚɹɯ ɦɢɤɪɨɬɪɟɳɢɧ ɨɛɧɚɪɭɠɢɥɢ 
ɦɟɥɤɨɞɢɫɩɟɪɫɧɵɟ ɜɵɞɟɥɟɧɢɹ ɥɟɝɤɨɩɥɚɜɤɨɣ ɷɜɬɟɤɬɢɤɢ (Ȗ + L), ɝɞɟ L – ɮɚɡɚ Ʌɚɜɟɫɚ (Ni, 
Fe, Cr)2(Nb, Mo). Ⱥɜɬɨɪɵ ɩɪɟɞɩɨɥɚɝɚɸɬ, ɱɬɨ ɜɵɞɟɥɟɧɢɹ ɷɜɬɟɤɬɢɤɢ ɹɜɥɹɸɬɫɹ ɤɨɧɰɟɧɬɪɚ-
ɬɨɪɚɦɢ ɧɚɩɪɹɠɟɧɢɣ ɢ ɩɪɟɞɥɚɝɚɸɬ ɤ ɪɚɫɫɦɨɬɪɟɧɢɸ ɦɟɯɚɧɢɡɦ, ɫɨɝɥɚɫɧɨ ɤɨɬɨɪɨɦɭ ɬɪɟ-
ɳɢɧɵ ɨɛɪɚɡɭɸɬɫɹ ɩɪɢ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, ɧɚɩɪɹɠɟɧɢɹ ɫɧɢɦɚɸɬɫɹ ɢ ɪɨɫɬ ɬɪɟɳɢɧ 
ɨɫɬɚɧɚɜɥɢɜɚɟɬɫɹ. ȼ ɷɬɨ ɜɪɟɦɹ ɫɩɥɚɜ ɛɵɫɬɪɨ ɨɯɥɚɠɞɚɟɬɫɹ, ɚ ɭɜɟɥɢɱɟɧɢɟ ɡɧɚɱɟɧɢɣ ıɜ 
ɩɪɟɞɨɬɜɪɚɳɚɟɬ ɞɚɥɶɧɟɣɲɢɣ ɪɨɫɬ ɬɪɟɳɢɧ. ɉɨɷɬɨɦɭ ɢɯ ɪɚɡɦɟɪ ɧɟ ɩɪɟɜɵɲɚɟɬ 100 ɦɤɦ. 
Ɍɪɟɳɢɧɵ ɨɛɧɚɪɭɠɢɥɢ ɬɚɤɠɟ ɧɚ ɝɪɚɧɢɰɚɯ ɡɟɪɟɧ, ɝɞɟ ɢ ɧɚɛɥɸɞɚɥɚɫɶ ɩɨɜɵɲɟɧɧɚɹ ɤɨɧ-
ɰɟɧɬɪɚɰɢɹ ɧɢɨɛɢɹ ɢ ɦɨɥɢɛɞɟɧɚ. Ⱦɥɹ ɫɧɢɠɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɬɪɟɳɢɧ ɢɫɩɨɥɶɡɨɜɚɥɢ ɩɨɞɨ-
ɝɪɟɜ ɩɥɚɬɮɨɪɦɵ ɩɨɫɬɪɨɟɧɢɹ ɞɨ γ00 °C. ɉɪɢ ɷɬɨɦ ɜɟɥɢɱɢɧɚ ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɧɚɩɪɹɠɟɧɢɣ 
ɭɦɟɧɶɲɢɥɚɫɶ ɫ γλ6 ɞɨ 160 Ɇɉɚ, ɚ ɬɚɤɠɟ ɧɚɛɥɸɞɚɥɢɫɶ ɦɚɥɨɱɢɫɥɟɧɧɵɟ, ɧɟ ɫɨɨɛɳɚɸɳɢ-
ɟɫɹ ɦɟɠɞɭ ɫɨɛɨɣ ɬɪɟɳɢɧɵ ɞɥɢɧɨɣ ɧɟ ɛɨɥɟɟ 10 ɦɤɦ. 
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Ɋɢɫ. β. ɂɡɨɛɪɚɠɟɧɢɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɨɛɪɚɡɰɨɜ ɢɡ ɫɩɥɚɜɚ Renц 104 Д1λЖ, ɢɡɝɨɬɨɜɥɟɧɧɨɝɨ ɦɟ-

ɬɨɞɨɦ ɫɟɥɟɤɬɢɜɧɨɝɨ ɥɚɡɟɪɧɨɝɨ ɫɩɥɚɜɥɟɧɢɹ, ɜ ɩɥɨɫɤɨɫɬɢ X–Y: ɚ – ɫɬɪɚɬɟɝɢɹ ɫɤɚɧɢɪɨɜɚɧɢɹ «ɡɦɟɣ-
ɤɚ»; ɛ – ɫɥɢɹɧɢɟ ɜɚɧɧ ɪɚɫɩɥɚɜɚ ɧɚ ɤɪɚɸ ɨɛɪɚɡɰɚ, ɢɡɝɨɬɨɜɥɟɧɧɨɝɨ «ɡɦɟɣɤɨɣ»; ɜ – ɡɨɧɚ ɩɟɪɟɤɪɵ-
ɬɢɹ ɜɚɧɧɵ ɪɚɫɩɥɚɜɚ ɜ ɨɛɪɚɡɰɟ, ɢɡɝɨɬɨɜɥɟɧɧɨɦ «ɩɨɥɨɫɚɦɢ ɫ ɩɟɪɟɝɨɪɨɞɤɚɦɢ»; ɝ – ɡɨɧɚ ɩɟɪɟɤɪɵ-
ɬɢɹ ɜɚɧɧɵ ɪɚɫɩɥɚɜɚ ɜ ɨɛɪɚɡɰɟ, ɢɡɝɨɬɨɜɥɟɧɧɨɦ «ɲɚɯɦɚɬɧɨɣ» ɲɬɪɢɯɨɜɤɨɣ 

 
ɉɨɫɥɟɞɭɸɳɭɸ ɩɨɫɥɟ ɋɅɋ ɨɛɪɚɛɨɬɤɭ ɦɟɬɚɥɥɚ, ɬɚɤɭɸ ɤɚɤ ɨɬɠɢɝ ɢɥɢ ɝɨɪɹɱɟɟ ɢɡɨ-

ɫɬɚɬɢɱɟɫɤɨɟ ɩɪɟɫɫɨɜɚɧɢɟ (Ƚɂɉ), ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɸɬ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɦɟɯɚɧɢɱɟɫɤɢɯ 
ɫɜɨɣɫɬɜ ɡɚ ɫɱɟɬ ɨɩɬɢɦɢɡɚɰɢɢ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɢ ɭɞɚɥɟɧɢɹ ɬɪɟɳɢɧ. ȼ ɪɚɛɨɬɟ Дβ1Ж ɩɪɨɜɨ-
ɞɢɥɢ ɨɬɠɢɝ ɢ Ƚɂɉ ɨɛɪɚɡɰɨɜ ɢɡ ɫɩɥɚɜɚ Hastelloy X, ɢɡɝɨɬɨɜɥɟɧɧɵɯ ɋɅɋ, ɩɪɢ ɬɟɦɩɟɪɚɬɭ-
ɪɟ 1450 Ʉ, ɬ. ɟ. ɜ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɨɬɠɢɝ ɩɪɢɜɨ-
ɞɢɬ ɤ ɡɧɚɱɢɬɟɥɶɧɨɦɭ ɫɧɢɠɟɧɢɸ ɡɧɚɱɟɧɢɣ ɩɪɟɞɟɥɚ ɬɟɤɭɱɟɫɬɢ, ɱɬɨ ɚɜɬɨɪɵ ɫɜɹɡɵɜɚɸɬ ɫ 
ɚɧɧɢɝɢɥɹɰɢɟɣ ɞɢɫɥɨɤɚɰɢɣ ɩɪɢ ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ. ɉɪɢ ɷɬɨɦ ɩɥɨɬɧɨɫɬɶ ɬɪɟɳɢɧ ɩɨɫɥɟ 
ɨɬɠɢɝɚ ɧɟ ɭɦɟɧɶɲɢɥɚɫɶ. ɇɚɩɪɨɬɢɜ, Ƚɂɉ ɷɮɮɟɤɬɢɜɧɨ ɞɥɹ ɭɫɬɪɚɧɟɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 
ɞɟɮɟɤɬɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ ɦɢɤɪɨɬɪɟɳɢɧ. ɉɪɢɦɟɧɟɧɢɟ Ƚɂɉ ɩɪɢɜɨɞɢɬ ɤ ɡɧɚɱɢɬɟɥɶɧɨɦɭ ɭɜɟ-
ɥɢɱɟɧɢɸ ɡɧɚɱɟɧɢɣ ɪɚɜɧɨɦɟɪɧɨɝɨ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɭɞɥɢɧɟɧɢɹ (ɫ 1γ ɞɨ β0 %) ɢ ɩɪɟɞɟɥɚ 
ɩɪɨɱɧɨɫɬɢ (ɫ λ65 ɞɨ 1045 Ɇɉɚ) ɩɪɢ ɫɨɯɪɚɧɟɧɢɢ ɭɦɟɪɟɧɧɨ ɜɵɫɨɤɢɯ ɡɧɚɱɟɧɢɣ ɩɪɟɞɟɥɚ 
ɬɟɤɭɱɟɫɬɢ. ɍɜɟɥɢɱɟɧɢɟ ɡɧɚɱɟɧɢɣ ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ ɚɜɬɨɪɵ ɫɜɹɡɵɜɚɸɬ ɫ ɜɵɞɟɥɟɧɢɟɦ 
ɩɨɫɥɟ Ƚɂɉ ɧɚ ɝɪɚɧɢɰɚɯ ɡɟɪɟɧ ı-ɮɚɡɵ ɢ ɤɚɪɛɢɞɨɜ M23C6.  

ȼ ɪɹɞɟ ɢɫɫɥɟɞɨɜɚɧɢɣ ɨɬɦɟɱɚɟɬɫɹ, ɱɬɨ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɭɦɟɧɶɲɟɧɢɹ ɩɥɨɬɧɨ-
ɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɦɢɤɪɨɬɪɟɳɢɧ ɬɪɟɛɭɟɬɫɹ ɨɩɬɢɦɢɡɚɰɢɹ ɫɨɫɬɚɜɚ ɫɢɧɬɟɡɢɪɭɟɦɨɝɨ ɦɚɬɟ-
ɪɢɚɥɚ. ȼ ɪɚɛɨɬɟ ДκЖ ɢɡɭɱɚɥɢ ɜɥɢɹɧɢɟ ɜɬɨɪɨɫɬɟɩɟɧɧɵɯ ɷɥɟɦɟɧɬɨɜ (ɜ ɱɚɫɬɧɨɫɬɢ, ɤɪɟɦɧɢɹ ɢ 
ɦɚɪɝɚɧɰɚ) ɧɚ ɫɤɥɨɧɧɨɫɬɶ ɤ ɪɚɫɬɪɟɫɤɢɜɚɧɢɸ ɨɛɪɚɡɰɨɜ ɢɡ ɠɚɪɨɩɪɨɱɧɨɝɨ ɧɢɤɟɥɟɜɨɝɨ 
ɫɩɥɚɜɚ, ɢɡɝɨɬɨɜɥɟɧɧɨɝɨ ɋɅɋ. Ⱥɜɬɨɪɵ ɩɪɟɞɩɨɥɨɠɢɥɢ, ɱɬɨ ɥɢɤɜɚɰɢɹ ɤɪɟɦɧɢɹ ɢ ɦɚɪɝɚɧɰɚ 
ɤ ɝɪɚɧɢɰɚɦ ɡɟɪɟɧ ɦɨɠɟɬ ɩɪɢɜɨɞɢɬɶ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɨɫɥɚɛɥɟɧɧɵɯ/ɯɪɭɩɤɢɯ ɮɚɡ, ɬɟɦ ɫɚ-
ɦɵɦ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɜɟɪɨɹɬɧɨɫɬɶ ɨɛɪɚɡɨɜɚɧɢɹ ɦɢɤɪɨɬɪɟɳɢɧ. ȼ ɪɚɛɨɬɟ ДββЖ ɭɫɬɚɧɨɜɥɟɧɨ, 
ɱɬɨ ɥɢɤɜɚɰɢɹ ɤɪɟɦɧɢɹ ɢ ɦɚɪɝɚɧɰɚ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɵɦ ɮɚɤɬɨɪɨɦ ɨɛɪɚɡɨɜɚɧɢɹ ɬɪɟɳɢɧ ɜ 
ɫɜɚɪɧɵɯ ɲɜɚɯ ɠɚɪɨɩɪɨɱɧɨɝɨ ɧɢɤɟɥɟɜɨɝɨ ɫɩɥɚɜɚ, ɜɵɩɨɥɧɟɧɧɵɯ ɝɚɡɨɜɨɣ ɫɜɚɪɤɨɣ. ȼ ɬɨ 
ɠɟ ɜɪɟɦɹ ɜ ɪɚɛɨɬɟ Д17Ж ɷɬɨɬ ɬɟɡɢɫ ɨɩɪɨɜɟɪɝɚɟɬɫɹ ɩɨ ɩɪɢɱɢɧɟ ɬɨɝɨ, ɱɬɨ ɭɫɥɨɜɢɹ ɜɵɫɨɤɨ-
ɫɤɨɪɨɫɬɧɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɛɭɞɭɬ ɩɪɟɩɹɬɫɬɜɨɜɚɬɶ ɞɢɮɮɭɡɢɢ ɪɚɫɬɜɨɪɟɧɧɵɯ ɜɟɳɟɫɬɜ.  
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ȼ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɜ ɪɚɛɨɬɟ Д17Ж ɨɛɪɚɡɰɚɯ ɢɡ ɫɩɥɚɜɚ HКsЭОХХШв X (0,48 % (ɩɨ ɦɚɫɫɟ) Mn; 
0,32 % (ɩɨ ɦɚɫɫɟ) Si) ɧɟ ɨɛɧɚɪɭɠɟɧɨ ɧɢ ɜɵɞɟɥɟɧɢɹ ɜɬɨɪɢɱɧɵɯ ɮɚɡ, ɧɢ ɥɢɤɜɚɰɢɢ ɤɚɤɢɯ-
ɥɢɛɨ ɷɥɟɦɟɧɬɨɜ ɤ ɝɪɚɧɢɰɚɦ ɡɟɪɟɧ. 
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Ɋɢɫ. γ. ɂɡɨɛɪɚɠɟɧɢɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɨɛɪɚɡɰɚ ɢɡ ɫɩɥɚɜɚ Hastelloy X ДβγЖ, ɢɡɝɨɬɨɜɥɟɧɧɨɝɨ ɦɟ-

ɬɨɞɨɦ ɫɟɥɟɤɬɢɜɧɨɝɨ ɥɚɡɟɪɧɨɝɨ ɫɩɥɚɜɥɟɧɢɹ: ɚ – ɦɟɥɤɢɟ ɪɚɜɧɨɨɫɧɵɟ ɢ ɫɬɨɥɛɱɚɬɵɟ ɞɟɧɞɪɢɬɵ, 
ɦɟɠɡɟɪɟɧɧɚɹ ɬɪɟɳɢɧɚ ɢ ɤɚɪɛɢɞɵ ɧɚ ɟɟ ɤɪɚɹɯ (ɨɛɨɡɧɚɱɟɧɵ 1); ɪɚɜɧɨɨɫɧɵɟ (ɛ) ɢ ɫɬɨɥɛɱɚɬɵɟ (ɜ) 
ɞɟɧɞɪɢɬɵ ɫ ɫɭɛɦɢɤɪɨɧɧɵɦ ɪɚɫɫɬɨɹɧɢɟɦ ɦɟɠɞɭ ɨɫɹɦɢ ɞɟɧɞɪɢɬɨɜ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ (PDAS), ɝɥɨ-
ɛɭɥɹɪɧɵɟ ɢ ɜɵɬɹɧɭɬɵɟ ɤɚɪɛɢɞɵ (ɨɛɨɡɧɚɱɟɧɵ β ɢ γ); ɝ – ɚɧɚɥɢɡ ɷɥɟɦɟɧɬɧɨɝɨ ɫɨɫɬɚɜɚ ɩɨ ɥɢɧɢɢ, 
ɩɪɨɜɟɞɟɧɧɨɣ ɱɟɪɟɡ ɬɪɟɳɢɧɭ ɧɚ ɪɢɫ. γ, ɚ 

 
ȼ ɪɚɛɨɬɟ ДβγЖ ɢɫɫɥɟɞɨɜɚɥɢ ɫɩɥɚɜ Hastelloy X ɢ ɨɛɧɚɪɭɠɢɥɢ ɩɪɢɫɭɬɫɬɜɢɟ ɤɚɪɛɢ-

ɞɨɜ ɧɚ ɨɫɧɨɜɟ ɦɨɥɢɛɞɟɧɚ ɜɞɨɥɶ ɬɪɟɳɢɧ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɧɚ ɝɪɚɧɢɰɚɯ ɪɚɜɧɨɨɫɧɵɯ ɢ 
ɫɬɨɥɛɱɚɬɵɯ ɡɟɪɟɧ (ɪɢɫ. γ). ɉɨ ɦɧɟɧɢɸ ɚɜɬɨɪɨɜ, ɩɪɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɦɟɬɚɥɥɚ ɷɥɟɦɟɧɬɵ ɫ 
ɜɵɫɨɤɨɣ ɫɤɥɨɧɧɨɫɬɶɸ ɤ ɥɢɤɜɚɰɢɢ (Mo, W, C, Si) ɩɟɪɟɦɟɳɚɸɬɫɹ ɢɡ ɞɟɧɞɪɢɬɨɜ ɜ ɦɟɠ-
ɞɟɧɞɪɢɬɧɵɟ ɨɛɥɚɫɬɢ ɢ ɧɚ ɝɪɚɧɢɰɵ ɡɟɪɟɧ. Ʉɪɨɦɟ ɬɨɝɨ, ɦɟɬɚɥɥ ɩɨɞɜɟɪɠɟɧ ɛɨɥɶɲɨɦɭ ɤɨ-
ɥɢɱɟɫɬɜɭ ɬɟɪɦɨɰɢɤɥɨɜ, ɫɨɫɬɨɹɳɢɯ ɢɡ ɧɟɫɤɨɥɶɤɢɯ ɩɟɪɟɩɥɚɜɨɜ, ɱɬɨ ɦɨɠɟɬ ɫɩɨɫɨɛɫɬɜɨ-
ɜɚɬɶ ɨɛɪɚɡɨɜɚɧɢɸ ɟɳɟ ɛɨɥɶɲɟɝɨ ɤɨɥɢɱɟɫɬɜɚ ɤɚɪɛɢɞɨɜ. ȼɵɫɨɤɚɹ ɫɤɨɪɨɫɬɶ ɤɪɢɫɬɚɥɥɢɡɚ-
ɰɢɢ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɦɟɬɚɫɬɚɛɢɥɶɧɵɯ ɤɚɪɛɢɞɨɜ MnCm, ɤɨɬɨɪɵɟ ɩɪɟɜɪɚɳɚɸɬɫɹ ɜ 
ɫɬɚɛɢɥɶɧɵɟ ɤɚɪɛɢɞɵ M6C ɢ M12C ɜ ɩɪɨɰɟɫɫɟ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɪɚɛɨɬɟ 
ДβγЖ ɞɟɥɚɟɬɫɹ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɨɛɪɚɡɨɜɚɧɢɟ ɬɪɟɳɢɧ ɩɪɨɢɫɯɨɞɢɬ ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɨɱɟɬɚɧɢɹ 
ɥɨɤɚɥɶɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɦɟɬɚɥɥ ɦɟɠɤɪɢɫɬɚɥɥɢɬɧɵɯ ɤɚɪɛɢɞɨɜ ɢ ɜɵɫɨɤɢɯ ɬɟɪɦɢɱɟ-
ɫɤɢɯ ɧɚɩɪɹɠɟɧɢɣ. Ɇɨɞɢɮɢɤɚɰɢɹ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɫɩɥɚɜɚ Hastelloy X, ɩɨ ɦɧɟɧɢɸ 
ɚɜɬɨɪɨɜ, ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ ɩɨɞɯɨɞɨɜ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɦɟɬɨɞɨɦ ɋɅɋ ɦɟɬɚɥ-
ɥɢɱɟɫɤɢɯ ɢɡɞɟɥɢɣ ɛɟɡ ɬɪɟɳɢɧ. 

ɍɫɬɪɚɧɢɬɶ ɩɪɨɛɥɟɦɭ ɬɪɟɳɢɧɨɨɛɪɚɡɨɜɚɧɢɹ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɫ ɩɨɦɨɳɶɸ ɭɩɪɚɜɥɟ-
ɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ ɩɪɨɰɟɫɫɨɦ ɧɟ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɵɦ. ȼ ɪɚɛɨɬɟ Д17Ж ɩɪɢɜɨ-
ɞɹɬɫɹ ɞɚɧɧɵɟ ɨ ɬɨɦ, ɱɬɨ ɫɬɨɣɤɨɫɬɶ ɫɢɧɬɟɡɢɪɭɟɦɨɝɨ ɦɟɬɚɥɥɚ ɤ ɪɚɫɬɪɟɫɤɢɜɚɧɢɸ ɦɨɠɟɬ 
ɛɵɬɶ ɩɨɜɵɲɟɧɚ ɡɚ ɫɱɟɬ ɭɜɟɥɢɱɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɚɬɨɦɨɜ ɡɚɦɟɳɟɧɢɹ, ɭɩɪɨɱɧɹɸɳɢɯ 
ɬɜɟɪɞɵɣ ɪɚɫɬɜɨɪ. ɋ ɷɬɨɣ ɰɟɥɶɸ ɜ ɫɨɫɬɚɜɟ ɫɩɥɚɜɚ Hastelloy X ɭɜɟɥɢɱɢɥɢ ɤɨɧɰɟɧɬɪɚɰɢɸ 
ɜɨɥɶɮɪɚɦɚ (ɫ 0,56 ɞɨ 1,05 % (ɩɨ ɦɚɫɫɟ)), ɤɨɛɚɥɶɬɚ (ɫ 1,04 ɞɨ 1,77 % (ɩɨ ɦɚɫɫɟ)), ɦɨɥɢɛ-
ɞɟɧɚ (ɫ λ,0 ɞɨ λ,4 % (ɩɨ ɦɚɫɫɟ)) ɢ ɯɪɨɦɚ (ɫ β1,γ ɞɨ β1,κ % (ɩɨ ɦɚɫɫɟ)), ɚ ɬɚɤɠɟ ɫɧɢɡɢɥɢ 
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ɤɨɧɰɟɧɬɪɚɰɢɸ ɠɟɥɟɡɚ (ɫ 1λ,5 ɞɨ 1κ,6 % (ɩɨ ɦɚɫɫɟ)) ɢ ɦɚɪɝɚɧɰɚ (ɫ 0,4κ ɞɨ 0,ββ % (ɩɨ 
ɦɚɫɫɟ)) ɜ ɞɨɩɭɫɤɚɟɦɵɯ ɫɩɟɰɢɮɢɤɚɰɢɟɣ ɩɪɟɞɟɥɚɯ. ɍɜɟɥɢɱɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɭɩɪɨɱɧɹ-
ɸɳɢɯ ɷɥɟɦɟɧɬɨɜ ɩɨɡɜɨɥɢɥɨ ɫɭɳɟɫɬɜɟɧɧɨ ɫɧɢɡɢɬɶ ɩɥɨɬɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɦɢɤɪɨɬɪɟ-
ɳɢɧ (ɧɚ 65 %) ɢ ɭɜɟɥɢɱɢɬɶ ɩɪɟɞɟɥ ɬɟɤɭɱɟɫɬɢ ɢ ɩɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 
760 °C. ɉɪɢ ɷɬɨɦ ɢɡɦɟɧɟɧɢɟ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɦɟɬɚɥɥɚ ɧɟ ɨɤɚɡɚɥɨ ɫɭɳɟɫɬɜɟɧɧɨɝɨ 
ɜɥɢɹɧɢɹ ɧɚ ɜɟɥɢɱɢɧɭ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɜɨɝɨ ɪɚɫɲɢɪɟɧɢɹ. 

 
Ɂɚɤɥɸɱɟɧɢɹ 

Ɇɢɤɪɨɬɪɟɳɢɧɵ ɜ ɞɟɬɚɥɹɯ, ɢɡɝɨɬɨɜɥɟɧɧɵɯ ɦɟɬɨɞɨɦ ɋɅɋ, ɮɨɪɦɢɪɭɸɬɫɹ ɜɫɥɟɞ-
ɫɬɜɢɟ ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɧɚɩɪɹɠɟɧɢɣ, ɜɨɡɧɢɤɚɸɳɢɯ ɩɪɢ ɭɫɚɞɤɟ ɦɟɬɚɥɥɚ ɜ ɩɪɨɰɟɫɫɟ 
ɨɯɥɚɠɞɟɧɢɹ. 

ɂɡ ɤɨɧɬɪɨɥɢɪɭɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɰɟɫɫɚ ɋɅɋ ɧɚɢɛɨɥɶɲɟɟ ɜɥɢɹɧɢɟ ɧɚ ɩɥɨɬ-
ɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɪɟɳɢɧ ɜ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɢɡɞɟɥɢɹɯ ɨɤɚɡɵɜɚɸɬ ɦɨɳɧɨɫɬɶ ɥɚɡɟɪɚ, 
ɫɬɪɚɬɟɝɢɹ ɫɤɚɧɢɪɨɜɚɧɢɹ ɢ ɬɟɦɩɟɪɚɬɭɪɚ ɩɥɚɬɮɨɪɦɵ ɩɨɫɬɪɨɟɧɢɹ. ɍɩɪɚɜɥɟɧɢɟ ɷɬɢɦɢ ɩɚ-
ɪɚɦɟɬɪɚɦɢ ɫɩɨɫɨɛɧɨ ɫɧɢɡɢɬɶ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɝɪɚɞɢɟɧɬ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɭɦɟɧɶɲɢɬɶ 
ɬɟɪɦɢɱɟɫɤɢɟ ɧɚɩɪɹɠɟɧɢɹ. 

Ⱦɥɹ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɦɟɬɚɥɥɚ ɨɛɪɚɡɨɜɚɧɢɸ ɬɪɟɳɢɧ ɩɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ ɞɨɥɠɟɧ ɩɪɟ-
ɜɵɲɚɬɶ ɬɟɪɦɢɱɟɫɤɨɟ ɧɚɩɪɹɠɟɧɢɟ. ɋɬɨɣɤɨɫɬɶ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɢɡɞɟɥɢɣ ɤ ɪɚɫɬɪɟɫɤɢɜɚɧɢɸ 
ɦɨɠɟɬ ɛɵɬɶ ɭɥɭɱɲɟɧɚ ɩɭɬɟɦ ɭɜɟɥɢɱɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɭɩɪɨɱɧɹɸɳɢɯ ɬɜɟɪɞɵɣ ɪɚɫɬɜɨɪ 
ɚɬɨɦɨɜ ɡɚɦɟɳɟɧɢɹ ɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɟ (ɬɚɤɢɯ ɤɚɤ ɯɪɨɦ, ɦɨɥɢɛɞɟɧ ɢ ɜɨɥɶɮɪɚɦ) 
ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɭɜɟɥɢɱɟɧɢɹ ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ ɦɟɬɚɥɥɚ. 
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Abstract. The results of a study of the structure and mechanical properties of welded joints 
made of VT22M alloy are presented. The studies were carried out after electron beam welding 
of samples of different thicknesses and according to different modes (the location of the beam is 
horizontal and vertical). Non-destructive testing was carried out, the macrostructure and mi-
crostructure, mechanical properties under tension and impact strength were investigated, tests 
for low-cycle fatigue were carried out. The results of mechanical tests showed that for all tested 
welding modes, after heat treatment, the strength of the welded joint σw.j.≥ 0.93σm.m. 

Keywords: high-strength titanium alloy, electron beam welding, macrostructure, mechanical 
properties, microstructure, low cycle fatigue 
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ȼɜɟɞɟɧɢɟ 
Ɂɧɚɱɟɧɢɟ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ ɜ ɫɨɜɪɟɦɟɧɧɨɦ ɫɚɦɨɥɟɬɨɫɬɪɨɟɧɢɢ ɧɟɨɫɩɨɪɢɦɨ ɜɟ-

ɥɢɤɨ. Ȼɥɚɝɨɞɚɪɹ ɨɛɳɟɢɡɜɟɫɬɧɵɦ ɩɪɟɢɦɭɳɟɫɬɜɚɦ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ, ɬɚɤɢɦ ɤɚɤ ɜɵɫɨɤɚɹ 
ɭɞɟɥɶɧɚɹ ɩɪɨɱɧɨɫɬɶ, ɠɚɪɨɩɪɨɱɧɨɫɬɶ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɞɨ 600 °ɋ, ɤɨɪɪɨɡɢɨɧɧɚɹ ɫɬɨɣ-
ɤɨɫɬɶ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɚɝɪɟɫɫɢɜɧɵɯ ɫɪɟɞ ɢ ɞɪ., ɢɯ ɩɪɢɦɟɧɟɧɢɟ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɞɟɬɚɥɟɣ 
ɫɚɦɨɥɟɬɨɜ ɞɨɫɬɢɝɚɟɬ 15 % ɨɬ ɨɛɳɟɣ ɦɚɫɫɵ ɢɡɞɟɥɢɹ Д1–5]. 

ɉɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɤɨɧɫɬɪɭɤɰɢɣ ɢɡ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ ɨɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ ɦɟɬɨ-
ɞɨɜ ɫɨɟɞɢɧɟɧɢɹ ɹɜɥɹɟɬɫɹ ɫɜɚɪɤɚ. ɇɚɢɛɨɥɶɲɢɣ ɢɧɬɟɪɟɫ ɩɪɟɞɫɬɚɜɥɹɟɬ ɷɥɟɤɬɪɨɧɧɨ-ɥɭɱɟɜɚɹ 
ɫɜɚɪɤɚ (ɗɅɋ), ɨɛɥɚɞɚɸɳɚɹ ɲɢɪɨɤɢɦɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ ɜɨɡɦɨɠɧɨɫɬɹɦɢ: ɜɵɫɨɤɚɹ ɤɨɧ-
ɰɟɧɬɪɚɰɢɹ ɷɧɟɪɝɢɢ ɜ ɥɭɱɟ, ɨɛɟɫɩɟɱɢɜɚɸɳɚɹ ɩɨɥɭɱɟɧɢɟ ɫɜɚɪɧɵɯ ɲɜɨɜ ɫ ɦɢɧɢɦɚɥɶɧɵɦ ɪɚɡ-
ɦɟɪɨɦ ɡɨɧɵ, ɩɨɞɜɟɪɠɟɧɧɨɣ ɬɟɪɦɢɱɟɫɤɨɦɭ ɜɥɢɹɧɢɸ; ɛɨɥɶɲɨɟ ɨɬɧɨɲɟɧɢɟ ɝɥɭɛɢɧɵ ɤ ɲɢ-
ɪɢɧɟ ɪɚɫɩɥɚɜɥɟɧɧɨɣ ɡɨɧɵ; ɧɟɛɨɥɶɲɚɹ ɭɞɟɥɶɧɚɹ ɷɧɟɪɝɢɹ (ɩɪɢ ɞɭɝɨɜɨɣ ɫɜɚɪɤɟ ɩɪɢ ɪɚɜɧɵɯ 
ɬɨɥɳɢɧɚɯ ɦɟɬɚɥɥɚ ɩɨɬɪɟɛɥɟɧɢɟ ɷɧɟɪɝɢɢ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɜ 5–7 ɪɚɡ), ɫɩɨɫɨɛɫɬɜɭɸɳɚɹ ɨɛɪɚ-
ɡɨɜɚɧɢɸ ɭɡɤɨɝɨ ɝɥɭɛɨɤɨɝɨ ɤɚɧɚɥɚ (ɩɨ ɷɬɨɦɭ ɤɚɧɚɥɭ ɥɭɱ ɩɪɨɧɢɤɚɟɬ ɜ ɝɥɭɛɢɧɭ ɦɚɬɟɪɢɚɥɚ ɢ 
ɜɵɡɵɜɚɟɬ ɟɝɨ ɞɚɥɶɧɟɣɲɟɟ ɩɥɚɜɥɟɧɢɟ ɢ ɢɫɩɚɪɟɧɢɟ, ɬɟɦ ɫɚɦɵɦ ɩɨɡɜɨɥɹɹ ɫɜɚɪɢɜɚɬɶ ɞɟɬɚɥɢ 
ɬɨɥɳɢɧɨɣ ˃100 ɦɦ ɡɚ ɨɞɢɧ ɩɪɨɯɨɞ) Д6–λЖ, ɚ ɬɚɤɠɟ ɩɨɡɜɨɥɹɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶ ɛɟɡɢɧɟɪɰɢɨɧɧɨɟ 
ɭɩɪɚɜɥɟɧɢɟ ɢɫɬɨɱɧɢɤɨɦ ɧɚɝɪɟɜɚ (ɷɥɟɤɬɪɨɧɧɵɦ ɩɭɱɤɨɦ) ɢ ɜɵɩɨɥɧɹɬɶ ɫɜɚɪɤɭ ɲɜɨɜ ɫɥɨɠɧɨ-
ɝɨ ɤɨɧɬɭɪɚ. ɉɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɭɝɨɜɨɣ ɢ ɩɥɚɡɦɟɧɧɨɣ ɫɜɚɪɤɨɣ, ɜ ɩɪɨɰɟɫɫɟ ɤɨɬɨɪɨɣ ɧɚɝɪɟɜɚɟɬ-
ɫɹ ɩɨɜɟɪɯɧɨɫɬɶ, ɩɪɢ ɗɅɋ ɧɚɝɪɟɜ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɫɚɦɨɦ ɜɟɳɟɫɬɜɟ. Ȼɥɚɝɨɞɚɪɹ ɷɬɨɦɭ ɜɨɡ-
ɦɨɠɧɚ ɫɜɚɪɤɚ ɥɟɝɤɨ ɨɤɢɫɥɹɸɳɢɯɫɹ ɦɟɬɚɥɥɨɜ ɢ ɫɩɥɚɜɨɜ (ɨɤɫɢɞɧɵɟ ɩɥɟɧɤɢ ɦɚɬɟɪɢɚɥɚ ɪɚɡ-
ɪɭɲɚɸɬɫɹ ɢ ɧɟ ɩɪɟɩɹɬɫɬɜɭɸɬ ɨɩɥɚɜɥɟɧɢɸ ɤɪɨɦɨɤ) Дλ, 10Ж.  

Ɉɞɧɚɤɨ ɫɭɳɟɫɬɜɟɧɧɨɣ ɩɪɨɛɥɟɦɨɣ ɜ ɬɟɯɧɨɥɨɝɢɢ ɗɅɋ ɹɜɥɹɟɬɫɹ ɭɫɬɪɚɧɟɧɢɟ ɞɟɮɟɤ-
ɬɨɜ ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ. ɉɨɦɢɦɨ ɫɭɳɟɫɬɜɭɸɳɢɯ ɞɟɮɟɤɬɨɜ, ɬɚɤɢɯ ɤɚɤ ɬɪɟɳɢɧɵ, ɩɨɪɵ, 
ɧɟɩɪɨɜɚɪɵ, ɩɨɜɵɲɟɧɧɚɹ ɬɜɟɪɞɨɫɬɶ, ɪɨɫɬ ɡɟɪɟɧ, ɞɟɮɟɤɬɧɵɟ ɫɩɥɚɜɥɟɧɢɹ, ɡɚɬɨɩɥɟɧɢɟ ɪɚɫ-
ɩɥɚɜɥɟɧɧɨɝɨ ɤɚɧɚɥɚ ɢ ɬ. ɞ., ɩɪɢ ɗɅɋ ɧɚɛɥɸɞɚɸɬɫɹ ɞɟɮɟɤɬɵ ɩɨɜɟɪɯɧɨɫɬɢ, ɧɟɭɞɨɜɥɟɬɜɨ-
ɪɢɬɟɥɶɧɚɹ ɝɟɨɦɟɬɪɢɱɟɫɤɚɹ ɮɨɪɦɚ ɲɜɚ, ɪɚɡɪɵɜɵ ɦɚɬɟɪɢɚɥɚ, ɧɟɛɥɚɝɨɩɪɢɹɬɧɚɹ ɫɬɪɭɤɬɭɪɚ, 
ɭɯɭɞɲɟɧɧɵɟ ɫɜɨɣɫɬɜɚ ɢ ɩɭɫɬɨɬɵ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɩɪɢɦɟɧɟɧɢɟ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ ɫɜɚɪɤɢ 
ɬɪɟɛɭɟɬ ɬɳɚɬɟɥɶɧɨɝɨ ɜɵɛɨɪɚ ɪɟɠɢɦɨɜ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ 
ɫɜɚɪɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ Д10, 11Ж.  

ɉɪɨɜɟɞɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɤɚɤ ɪɨɫɫɢɣɫɤɢɯ, ɬɚɤ ɢ ɡɚɪɭɛɟɠɧɵɯ ɭɱɟɧɵɯ ɩɨɤɚɡɵ-
ɜɚɸɬ, ɱɬɨ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɥɚɫɫɚ ɬɢɬɚɧɨɜɨɝɨ ɫɩɥɚɜɚ, ɪɟɠɢɦɚ ɢ ɫɤɨɪɨɫɬɢ ɗɅɋ ɫɜɚɪɧɨɟ 
ɫɨɟɞɢɧɟɧɢɟ ɦɨɠɟɬ ɨɛɥɚɞɚɬɶ ɪɚɡɥɢɱɧɵɦ ɫɬɪɭɤɬɭɪɧɵɦ ɢ ɮɚɡɨɜɵɦ ɫɨɫɬɨɹɧɢɟɦ. Ɍɚɤ, ɜ ɪɚ-
ɛɨɬɟ Д1βЖ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɫɜɚɪɧɨɣ ɲɨɜ, ɩɨɥɭɱɟɧɧɵɣ ɗɅɋ, ɨɛɥɚɞɚɟɬ ɫɬɪɭɤɬɭɪɨɣ ɤɪɭɩɧɵɯ 
ɩɟɪɜɢɱɧɵɯ ȕ-ɡɟɪɟɧ, ɪɚɡɛɢɬɵɯ ɧɚ ɬɨɧɤɢɟ ɩɥɚɫɬɢɧɵ α-ɮɚɡɵ, ɡɚ ɫɱɟɬ ɱɟɝɨ ɨɛɟɫɩɟɱɢɜɚɸɬɫɹ 
ɜɵɫɨɤɢɟ ɬɜɟɪɞɨɫɬɶ, ɩɪɟɞɟɥɵ ɬɟɤɭɱɟɫɬɢ ɢ ɩɪɨɱɧɨɫɬɢ, ɚ ɪɚɡɪɭɲɟɧɢɟ ɩɪɢ ɢɫɩɵɬɚɧɢɹɯ 
ɩɪɨɢɫɯɨɞɢɬ ɩɨ ɨɫɧɨɜɧɨɦɭ ɦɟɬɚɥɥɭ. ȼ ɫɬɚɬɶɹɯ Д1γ–1λЖ ɬɚɤɠɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ 
ɢɫɫɥɟɞɨɜɚɧɢɣ ɜɥɢɹɧɢɹ ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɨɜ ɫɜɚɪɤɢ ɢ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɧɚ ɫɜɨɣ-
ɫɬɜɚ. ɉɨɷɬɨɦɭ ɧɟɨɛɯɨɞɢɦɵɦ ɹɜɥɹɟɬɫɹ ɩɪɨɜɟɞɟɧɢɟ ɢɫɫɥɟɞɨɜɚɧɢɣ ɫɜɚɪɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ, 
ɨɛɪɚɡɨɜɚɜɲɟɝɨɫɹ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɬɟɪɦɢɱɟɫɤɨɝɨ ɰɢɤɥɚ ɫɜɚɪɤɢ, ɚ ɬɚɤɠɟ ɤɨɦɩɥɟɤɫɚ ɮɢ-
ɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ, ɨɬɥɢɱɚɸɳɢɯɫɹ ɨɬ ɫɜɨɣɫɬɜ ɨɫɧɨɜɧɨɝɨ ɦɟɬɚɥɥɚ.  

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɬɪɭɤɬɭɪɵ ɢ ɦɟɯɚɧɢɱɟ-
ɫɤɢɯ ɫɜɨɣɫɬɜ ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɢɡ ɫɩɥɚɜɚ ȼɌββɆ, ɤɨɬɨɪɵɣ ɪɟɤɨɦɟɧɞɨɜɚɧ ɞɥɹ ɢɡɝɨ-
ɬɨɜɥɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɤɨɧɫɬɪɭɤɰɢɢ ɩɥɚɧɟɪɚ ɢ ɲɚɫɫɢ. ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɦɧɨɝɢɟ ɷɥɟɦɟɧɬɵ 
ɲɚɫɫɢ ɜ ɫɚɦɨɥɟɬɚɯ ɜɵɫɨɤɨɣ ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɢ ɹɜɥɹɸɬɫɹ ɫɜɚɪɧɵɦɢ (ɫɬɨɣɤɢ, ɩɨɞɤɨɫɵ, 
ɤɨɪɨɦɵɫɥɨ ɢ ɞɪ.), ɢ ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ ɷɥɟɤɬɪɨɧɧɨ-ɥɭɱɟɜɨɣ ɫɜɚɪɤɢ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɞɟ-
ɧɢɟ ɢɫɫɥɟɞɨɜɚɧɢɣ. Ɉɫɧɨɜɧɚɹ ɨɫɨɛɟɧɧɨɫɬɶ ɫɩɥɚɜɚ, ɨɬɧɨɫɹɳɟɝɨɫɹ ɤ ɩɟɪɟɯɨɞɧɨɦɭ ɬɢɩɭ, 
ɫɨɫɬɨɢɬ ɜ ɜɵɫɨɤɨɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɤ ɬɟɪɦɢɱɟɫɤɨɦɭ ɰɢɤɥɭ ɫɜɚɪɤɢ. ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ 
ɢɫɫɥɟɞɨɜɚɧɢɣ ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɢɡ ɫɩɥɚɜɚ ȼɌββɆ, ɜɵɩɨɥɧɟɧɧɵɯ ɩɨ ɪɚɡɥɢɱɧɵɦ ɪɟ-
ɠɢɦɚɦ ɗɅɋ, ɦɨɠɧɨ ɨɰɟɧɢɬɶ ɢɯ ɜɥɢɹɧɢɟ ɧɚ ɫɬɪɭɤɬɭɪɭ ɢ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ Дβ0–24].  
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Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɪɟɚɥɢɡɚɰɢɢ ɤɨɦɩɥɟɤɫɧɨɣ ɧɚɭɱɧɨɣ ɩɪɨɛɥɟɦɵ 9.2. 
«Ɇɚɬɟɪɢɚɥɵ ɧɚ ɨɫɧɨɜɟ ɬɢɬɚɧɚ ɫ ɪɟɝɥɚɦɟɧɬɢɪɨɜɚɧɧɨɣ ȕ-ɫɬɪɭɤɬɭɪɨɣ» («ɋɬɪɚɬɟɝɢɱɟɫɤɢɟ 
ɧɚɩɪɚɜɥɟɧɢɹ ɪɚɡɜɢɬɢɹ ɦɚɬɟɪɢɚɥɨɜ ɢ ɬɟɯɧɨɥɨɝɢɣ ɢɯ ɩɟɪɟɪɚɛɨɬɤɢ ɧɚ ɩɟɪɢɨɞ ɞɨ β0γ0 ɝɨ-
ɞɚ») Дβ5Ж. 

 
Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ 

Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜɵɛɪɚɧɵ ɩɚɪɚɦɟɬɪɵ ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɗɅɋ – 
ɩɪɹɦɨɥɢɧɟɣɧɵɟ ɨɛɪɚɡɰɵ ɬɨɥɳɢɧɨɣ β0, γ0 ɢ 40 ɦɦ; ɫɤɨɪɨɫɬɶ ɫɜɚɪɤɢ β5 ɢ 40 ɦ/ɱ; ɪɚɫɩɨ-
ɥɨɠɟɧɢɟ ɥɭɱɚ – ɝɨɪɢɡɨɧɬɚɥɶɧɨɟ ɢ ɜɟɪɬɢɤɚɥɶɧɨɟ (ɪɢɫ. 1, ɬɚɛɥ. 1). ɗɥɟɤɬɪɨɧɧɨ-ɥɭɱɟɜɭɸ 
ɫɜɚɪɤɭ ɜɵɩɨɥɧɹɥɢ ɧɚ ɭɫɬɚɧɨɜɤɟ, ɨɫɧɚɳɟɧɧɨɣ ɫɢɫɬɟɦɨɣ ɑɉɍ, ɩɨɡɜɨɥɹɸɳɟɣ ɜ ɩɪɨɰɟɫɫɟ 
ɫɜɚɪɤɢ ɡɚɞɚɜɚɬɶ ɤɨɨɪɞɢɧɚɬɵ ɩɟɪɟɦɟɳɟɧɢɹ ɷɥɟɤɬɪɨɧɧɨ-ɥɭɱɟɜɨɣ ɩɭɲɤɢ ɢ ɬɟɯɧɨɥɨɝɢɱɟ-
ɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɩɪɨɰɟɫɫɚ ɗɅɋ. Ɂɚɝɨɬɨɜɤɢ ɩɨɞ ɫɜɚɪɤɭ ɢɡɝɨɬɨɜɥɟɧɵ ɢɡ ɩɨɤɨɜɨɤ ɬɢɬɚɧɨ-
ɜɨɝɨ ɫɩɥɚɜɚ ȼɌββɆ. ȼ ɩɪɨɰɟɫɫɟ ɗɅɋ ɤɨɧɬɪɨɥɢɪɨɜɚɥɢ ɪɟɠɢɦ ɫɜɚɪɤɢ, ɬɨɱɧɨɫɬɶ ɜɟɞɟɧɢɹ 
ɷɥɟɤɬɪɨɧɧɨɝɨ ɥɭɱɚ ɩɨ ɫɬɵɤɭ, ɮɨɪɦɢɪɨɜɚɧɢɟ ɧɚɪɭɠɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɫɜɚɪɧɨɝɨ ɲɜɚ.  

 
ɛ)ɚ)

 
Ɋɢɫ. 1. ɋɯɟɦɵ ɫɜɚɪɤɢ ɩɪɹɦɨɥɢɧɟɣɧɵɯ ɫɬɵɤɨɜ ɜɟɪɬɢɤɚɥɶɧɵɦ (ɚ) ɢ ɝɨɪɢɡɨɧɬɚɥɶɧɵɦ (ɛ)  

ɷɥɟɤɬɪɨɧɧɵɦ ɩɭɱɤɨɦ  
 

Ɍɚɛɥɢɰɚ 1 
ɉɚɪɚɦɟɬɪɵ ɷɥɟɤɬɪɨɧɧɨ-ɥɭɱɟɜɨɣ ɫɜɚɪɤɢ 

ɍɫɥɨɜɧɵɣ ɧɨɦɟɪ ɪɟ-
ɠɢɦɚ ɫɜɚɪɤɢ 

Ɍɨɥɳɢɧɚ  
ɡɚɝɨɬɨɜɤɢ, ɦɦ 

ɋɤɨɪɨɫɬɶ  
ɫɜɚɪɤɢ, ɦ/ɱ 

Ɋɚɫɩɨɥɨɠɟɧɢɟ  
ɷɥɟɤɬɪɨɧɧɨɝɨ ɥɭɱɚ 

1 20 25 

Ƚɨɪɢɡɨɧɬɚɥɶɧɨɟ 

2 20 40 
3 30 25 
4 30 40 
5 40 25 
6 40 40 
7 20 25 

ȼɟɪɬɢɤɚɥɶɧɨɟ 

8 20 40 
9 30 25 
10 30 40 
11 40 25 
12 40 40 

 
ȼɧɟɲɧɢɣ ɨɫɦɨɬɪ ɢ ɢɡɦɟɪɟɧɢɹ ɩɪɨɜɨɞɢɥɢ ɧɚ ɜɫɟɯ ɫɜɚɪɧɵɯ ɨɛɪɚɡɰɚɯ ɫ ɥɢɰɟɜɨɣ ɢ 

ɨɛɪɚɬɧɨɣ ɫɬɨɪɨɧ ɢ ɜ ɨɤɨɥɨɲɨɜɧɨɣ ɡɨɧɟ ɧɚ ɲɢɪɢɧɭ ɧɟ ɦɟɧɟɟ β0 ɦɦ. Ʉɪɢɬɟɪɢɟɦ ɤɚɱɟ-
ɫɬɜɟɧɧɨɝɨ ɪɟɡɭɥɶɬɚɬɚ ɗɅɋ ɫɱɢɬɚɟɬɫɹ ɨɬɫɭɬɫɬɜɢɟ ɧɚɪɭɠɧɵɯ ɞɟɮɟɤɬɨɜ ɜ ɜɢɞɟ ɧɟɩɪɨɜɚɪɨɜ, 
ɩɪɨɠɨɝɨɜ, ɬɪɟɳɢɧ, ɧɚɬɟɤɨɜ ɦɟɬɚɥɥɚ, ɩɨɞɪɟɡɨɜ ɤɪɨɦɨɤ, ɨɫɥɚɛɥɟɧɢɣ ɲɜɚ, ɤɪɚɬɟɪɨɜ ɢ ɞɪ. 
ȼɵɲɟɭɤɚɡɚɧɧɵɯ ɞɟɮɟɤɬɨɜ ɧɚ ɫɜɚɪɧɵɯ ɲɜɚɯ ɧɟ ɨɛɧɚɪɭɠɟɧɨ. 

ɉɨɫɥɟ ɫɜɚɪɤɢ ɩɪɨɜɟɞɟɧ ɧɟɪɚɡɪɭɲɚɸɳɢɣ ɤɨɧɬɪɨɥɶ (ɪɟɧɬɝɟɧɨɝɪɚɮɢɱɟɫɤɢɣ ɤɨɧ-
ɬɪɨɥɶ) ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ, ɤɨɬɨɪɵɣ ɩɨɤɚɡɚɥ ɨɬɫɭɬɫɬɜɢɟ ɞɟɮɟɤɬɨɜ ɜ ɫɜɚɪɧɵɯ ɲɜɚɯ. 

ɉɪɨɜɟɞɟɧɚ ɬɟɪɦɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ ɜ ɜɚɤɭɭɦɧɨɣ ɩɟɱɢ ɩɨ ɪɟɠɢɦɭ: ɧɚɝɪɟɜ  
ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ κβ0±5 °ɋ, ɜɵɞɟɪɠɤɚ; ɨɯɥɚɠɞɟɧɢɟ ɫ ɩɟɱɶɸ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 750±5 °ɋ  
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ɫ ɡɚɞɚɧɧɨɣ ɫɤɨɪɨɫɬɶɸ, ɜɵɞɟɪɠɤɚ; ɨɯɥɚɠɞɟɧɢɟ ɫ ɩɟɱɶɸ ɩɪɢ ɪɚɛɨɱɟɦ ɜɚɤɭɭɦɟ ɞɨ ɤɨɦɧɚɬ-
ɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɫ ɡɚɞɚɧɧɨɣ ɫɤɨɪɨɫɬɶɸ; ɧɚɝɪɟɜ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 560±5 °ɋ, ɜɵɞɟɪɠɤɚ; 
ɨɯɥɚɠɞɟɧɢɟ ɫ ɩɟɱɶɸ ɩɪɢ ɪɚɛɨɱɟɦ ɜɚɤɭɭɦɟ. Ɋɟɠɢɦɵ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɞɥɹ ɢɫɫɥɟ-
ɞɭɟɦɵɯ ɫɜɚɪɧɵɯ ɨɛɪɚɡɰɨɜ ɪɚɡɧɵɯ ɬɨɥɳɢɧ ɛɵɥɢ ɨɞɢɧɚɤɨɜɵɦɢ. Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɩɨɥɧɨ-
ɝɨ ɩɪɨɝɪɟɜɚ ɨɬɫɱɟɬ ɜɪɟɦɟɧɢ ɜɵɞɟɪɠɤɢ ɧɚɱɢɧɚɥɫɹ ɩɨɫɥɟ ɞɨɫɬɢɠɟɧɢɹ ɡɚɞɚɧɧɨɣ ɬɟɦɩɟɪɚ-
ɬɭɪɵ ɬɟɪɦɨɩɚɪɨɣ, ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɧɚ ɧɚɢɛɨɥɟɟ ɦɚɫɫɢɜɧɨɦ ɨɛɪɚɡɰɟ. 

ɂɫɩɵɬɚɧɢɹ ɧɚ ɪɚɫɬɹɠɟɧɢɟ ɩɪɨɜɨɞɢɥɢ ɩɨ ȽɈɋɌ 14λ7–κ4, ɧɚ ɭɞɚɪɧɵɣ ɢɡɝɢɛ – ɜ ɫɨɨɬ-
ɜɟɬɫɬɜɢɢ ɫ ȽɈɋɌ λ454–7κ, ɧɚ ɨɩɪɟɞɟɥɟɧɢɟ ɦɚɥɨɰɢɤɥɨɜɨɣ ɭɫɬɚɥɨɫɬɢ – ɩɨ ȽɈɋɌ β5.50β–79. 
ɂɫɫɥɟɞɨɜɚɧɢɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɜɵɩɨɥɧɹɥɢ ɧɚ ɨɩɬɢɱɟɫɤɨɦ ɦɢɤɪɨɫɤɨɩɟ τХвЦЩЮs GБ51. 

 
Ɋɟɡɭɥɶɬɚɬɵ ɢ ɨɛɫɭɠɞɟɧɢɟ 

ɉɪɨɜɟɞɟɧɚ ɨɰɟɧɤɚ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɥɢɬɨɣ ɡɨɧɵ ɫɜɚɪɧɵɯ ɲɜɨɜ ɧɚ 
ɦɚɤɪɨɲɥɢɮɚɯ, ɢɡɝɨɬɨɜɥɟɧɧɵɯ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɨɫɥɟ ɫɜɚɪɤɢ. Ɋɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɣ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. β. 

 

Ƚ
ɨ
ɪ
ɢ
ɡɨ

ɧ
ɬɚ

ɥ
ɶ
ɧ
ɵ
ɣ
 ɥ

ɭ
ɱ

 

Ɍɨɥɳɢɧɚ β0 ɦɦ Ɍɨɥɳɢɧɚ γ0 ɦɦ Ɍɨɥɳɢɧɚ 40 ɦɦ 

 
Ɋɟɠɢɦ 1 

 
Ɋɟɠɢɦ γ 

 
Ɋɟɠɢɦ 5 

ɋɤɨɪɨɫɬɶ ɫɜɚɪɤɢ β5 ɦ/ɱ  

 
Ɋɟɠɢɦ β 

 
Ɋɟɠɢɦ 4 

 
Ɋɟɠɢɦ 6 

 ɋɤɨɪɨɫɬɶ ɫɜɚɪɤɢ 40 ɦ/ɱ  

ȼ
ɟɪ

ɬɢ
ɤ
ɚɥ

ɶ
ɧ
ɵ
ɣ
 ɥ

ɭ
ɱ

 

 
Ɋɟɠɢɦ 7 

 
Ɋɟɠɢɦ λ 

 
Ɋɟɠɢɦ 11 

ɋɤɨɪɨɫɬɶ ɫɜɚɪɤɢ β5 ɦ/ɱ  

 
Ɋɟɠɢɦ κ 

 
Ɋɟɠɢɦ 10 

 
Ɋɟɠɢɦ 1β 

 ɋɤɨɪɨɫɬɶ ɫɜɚɪɤɢ 40 ɦ/ɱ  
 

Ɋɢɫ. β. Ɇɚɤɪɨɫɬɪɭɤɬɭɪɵ ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɩɪɹɦɨɥɢɧɟɣɧɵɯ ɫɜɚɪɧɵɯ ɨɛɪɚɡɰɨɜ ɬɨɥɳɢɧɨɣ 
β0, γ0 ɢ 40 ɦɦ 
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ȼ ɪɟɡɭɥɶɬɚɬɟ ɜɢɡɭɚɥɶɧɨɝɨ ɤɨɧɬɪɨɥɹ ɢɫɫɥɟɞɭɟɦɵɯ ɩɥɨɫɤɨɫɬɟɣ ɦɚɤɪɨɲɥɢɮɨɜ ɞɟ-
ɮɟɤɬɨɜ ɫɜɚɪɧɨɝɨ ɲɜɚ (ɬɪɟɳɢɧ ɢ ɩɨɪ) ɧɟ ɨɛɧɚɪɭɠɟɧɨ. Ɉɛɳɢɣ ɮɨɧ ɦɚɤɪɨɫɬɪɭɤɬɭɪɵ ɨɫ-
ɧɨɜɧɨɝɨ ɦɟɬɚɥɥɚ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɦɚɬɨɜɨɣ ɬɨɧɚɥɶɧɨɫɬɶɸ, ɨɛɥɚɫɬɢ ɫ ɨɬɥɢɱɚɸɳɢɦɫɹ ɮɨ-
ɧɨɦ ɬɪɚɜɢɦɨɫɬɢ ɨɬɫɭɬɫɬɜɭɸɬ. Ɇɚɤɪɨɫɬɪɭɤɬɭɪɚ ɨɫɧɨɜɧɨɝɨ ɦɟɬɚɥɥɚ ɫɜɚɪɧɵɯ ɨɛɪɚɡɰɨɜ 
ɫɨɨɬɜɟɬɫɬɜɭɟɬ β–γ ɛɚɥɥɭ ɞɟɫɹɬɢɛɚɥɥɶɧɨɣ ɲɤɚɥɵ ɩɨ ɢɧɫɬɪɭɤɰɢɢ ɉɂ 1.β.7κ5–2009. 

ɉɨ ɝɟɨɦɟɬɪɢɱɟɫɤɢɦ ɩɚɪɚɦɟɬɪɚɦ ɥɢɬɨɣ ɡɨɧɵ ɫɜɚɪɧɵɯ ɲɜɨɜ ɜɵɹɜɥɟɧɨ, ɱɬɨ ɲɜɵ, 
ɜɵɩɨɥɧɟɧɧɵɟ ɗɅɋ ɜ ɧɢɠɧɟɦ ɩɨɥɨɠɟɧɢɢ (ɜɟɪɬɢɤɚɥɶɧɵɦ ɥɭɱɨɦ), ɢɦɟɸɬ ɭɡɤɭɸ ɤɥɢɧɨ-
ɜɢɞɧɭɸ ɮɨɪɦɭ ɩɪɨɩɥɚɜɥɟɧɢɹ. Ʉɪɢɫɬɚɥɥɢɡɚɰɢɹ ɦɟɬɚɥɥɚ ɲɜɚ ɩɪɨɢɫɯɨɞɢɬ ɜ ɨɫɨɛɵɯ ɭɫɥɨ-
ɜɢɹɯ: ɤɪɢɫɬɚɥɥɢɬɵ, ɪɚɫɬɭɳɢɟ ɧɚɜɫɬɪɟɱɭ ɞɪɭɝ ɞɪɭɝɭ, ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɩɪɚɤɬɢɱɟɫɤɢ ɜ ɨɞ-
ɧɨɣ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ ɢ ɜɫɬɪɟɱɚɸɬɫɹ ɩɨ ɨɫɢ ɲɜɚ. ɉɪɢ ɫɜɚɪɤɟ ɝɨɪɢɡɨɧɬɚɥɶɧɵɦ 
ɥɭɱɨɦ ɫɜɚɪɧɵɟ ɲɜɵ ɢɦɟɸɬ ɰɢɥɢɧɞɪɢɱɟɫɤɭɸ ɮɨɪɦɭ, ɬ. ɟ. ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɨɞɢɧɚɤɨɜɵ ɩɨ 
ɲɢɪɢɧɟ. ɏɚɪɚɤɬɟɪ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɩɪɢ ɫɜɚɪɤɟ ɝɨɪɢɡɨɧɬɚɥɶɧɵɦ ɥɭɱɨɦ ɚɧɚɥɨɝɢɱɟɧ ɤɪɢ-
ɫɬɚɥɥɢɡɚɰɢɢ ɩɪɢ ɫɜɚɪɤɟ ɜɟɪɬɢɤɚɥɶɧɵɦ ɥɭɱɨɦ – ɤɪɢɫɬɚɥɥɢɬɵ ɪɚɫɬɭɬ ɜ ɧɚɩɪɚɜɥɟɧɢɢ, 
ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɦ ɤɪɨɦɤɚɦ ɨɫɧɨɜɧɨɝɨ ɦɚɬɟɪɢɚɥɚ.  

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ (ɫɪɟɞɧɢɟ 
ɡɧɚɱɟɧɢɹ) ɩɨɫɥɟ ɜɚɤɭɭɦɧɨɣ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɩɨ ɪɟɠɢɦɭ ɫɬɭɩɟɧɱɚɬɨɝɨ ɨɬɠɢɝɚ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. β. 

 
Ɍɚɛɥɢɰɚ 2 

ɋɜɨɣɫɬɜɚ ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɢɡ ɫɩɥɚɜɚ ȼɌ22Ɇ ɩɨɫɥɟ ɫɜɚɪɤɢ ɩɨ ɪɚɡɥɢɱɧɵɦ ɪɟɠɢɦɚɦ 
ɍɫɥɨɜɧɵɣ ɧɨɦɟɪ  
ɪɟɠɢɦɚ ɫɜɚɪɤɢ 

ıɜ.ɫɜ, Ɇɉɚ  į, % ȥ, % KCU, ɤȾɠ/ɦ2 ıɜ.ɫɜ/ıɜ 

1 1050 8,7 19,8 420 0,96 
2 1070 8,75 23,0 475 0,98 
3 1095 9,8 10,3 385 0,99 
4 1055 11,7 20,75 435 0,96 
5 1050 11,3 17,0 356,7 0,95 
6 1060 9,9 23,0 300 0,97 
7 1050 11,3 12,75 345 0,95 
8 1055 10,4 23,0 360 0,96 
9 1015 11,45 17,75 410 0,93 
10 1055 10,45 22,75 430 0,96 
11 1050 11,8 12,7 323,3 0,95 
12 1053 11,2 18,3 390 0,96 

Ɉɫɧɨɜɧɨɣ ɦɟɬɚɥɥ (ıɜ) 1097 8,9 45,3 493,3 – 
 
Ɋɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɞɥɹ ɨɩɪɨɛɨɜɚɧɧɵɯ ɪɟɠɢɦɨɜ ɫɜɚɪɤɢ ɩɨ-

ɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɩɪɨɱɧɨɫɬɶ ɫɜɚɪɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ 
ıɜ.ɫɜ ≥ 0,λγıɜ. 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɩɪɨɜɨɞɢɥɢ ɧɚ ɦɟɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɯ ɲɥɢɮɚɯ. ɉɪɢ 
ɦɢɤɪɨɚɧɚɥɢɡɟ ɨɩɪɟɞɟɥɹɥɢ ɦɢɤɪɨɫɬɪɭɤɬɭɪɭ ɦɟɬɚɥɥɚ ɲɜɚ, ɡɨɧɵ ɬɟɪɦɢɱɟɫɤɨɝɨ ɜɥɢɹɧɢɹ 
(ɁɌȼ) ɢ ɨɫɧɨɜɧɨɝɨ ɦɟɬɚɥɥɚ (ɪɢɫ. γ). 

Ⱦɥɹ ɜɫɟɯ ɪɟɠɢɦɨɜ ɫɜɚɪɤɢ ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ ɨɫɧɨɜɧɨɝɨ ɦɟɬɚɥɥɚ ɫɨɨɬɜɟɬɫɬɜɭɟɬ  
1–β ɬɢɩɭ ɲɤɚɥɵ ɩɨ ɢɧɫɬɪɭɤɰɢɢ ɉɂ 1.β.7κ5–β00λ. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɁɌȼ ɫɨɫɬɨɢɬ ɢɡ ɡɨɧ 
ɫɨ ɫɬɪɭɤɬɭɪɨɣ ɨɫɧɨɜɧɨɝɨ ɦɟɬɚɥɥɚ ɢ ɩɟɪɟɯɨɞɧɨɣ ɡɨɧɵ ɫ ɩɥɚɫɬɢɧɱɚɬɨɣ ɫɬɪɭɤɬɭɪɨɣ. Ɇɢɤ-
ɪɨɫɬɪɭɤɬɭɪɚ ɫɜɚɪɧɨɝɨ ɲɜɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɤɪɭɩɧɵɟ ɩɟɪɜɢɱɧɵɟ ȕ-ɡɟɪɧɚ, ɪɚɡɛɢɬɵɟ ɧɚ 
ɤɨɥɨɧɢɢ ɦɟɥɤɨɞɢɫɩɟɪɫɧɨɣ α-ɮɚɡɵ. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɹɜɥɹɟɬɫɹ ɬɢɩɢɱɧɨɣ ɞɥɹ ɫɜɚɪɧɵɯ 
ɫɨɟɞɢɧɟɧɢɣ ɢɡ ɬɢɬɚɧɨɜɨɝɨ ɫɩɥɚɜɚ ɬɢɩɚ ȼɌββɆ.  
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Ɉɫɧɨɜɧɨɣ ɦɟɬɚɥɥ ɁɌȼ  
Ɋɟɠɢɦ γ 

ɒɨɜ 

   
Ɋɟɠɢɦ 4 

   
Ɋɟɠɢɦ 5 

   
Ɋɟɠɢɦ 6 

   
Ɋɟɠɢɦ 11 

   
Ɋɟɠɢɦ 1β 

   
Ɋɢɫ. γ. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɵ ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɢɡ ɫɩɥɚɜɚ ȼɌββɆ 
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Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɭɫɬɚɥɨɫɬɢ ɧɚ ɨɫɧɨɜɚɧɢɢ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚ-
ɬɨɜ ɫɬɪɨɟɧɢɹ ɫɬɪɭɤɬɭɪɵ ɢ ɫɜɨɣɫɬɜ ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɜɵɛɪɚɧɵ ɪɟɠɢɦɵ β, 4 ɢ 6. 

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ ɫɜɚɪɧɵɯ ɨɛɪɚɡɰɨɜ ɧɚ ɨɩɪɟɞɟɥɟɧɢɟ ɦɚɥɨɰɢɤɥɨɜɨɣ ɭɫɬɚɥɨ-
ɫɬɢ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. γ. 

 
Ɍɚɛɥɢɰɚ 3 

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ ɧɚ ɦɚɥɨɰɢɤɥɨɜɭɸ ɭɫɬɚɥɨɫɬɶ ɫɜɚɪɧɵɯ ɨɛɪɚɡɰɨɜ  
ɢɡ ɫɩɥɚɜɚ ȼɌ22Ɇ (ɫɪɟɞɧɢɟ ɡɧɚɱɟɧɢɹ). ɉɚɪɚɦɟɬɪɵ ɧɚɝɪɭɠɟɧɢɹ:  

ɱɚɫɬɨɬɚ f = 40 Ƚɰ, ɤɨɷɮɮɢɰɢɟɧɬ ɚɫɢɦɦɟɬɪɢɢ R = 0,1, σmax = 1000 Ɇɉɚ 
ɍɫɥɨɜɧɵɣ ɧɨɦɟɪ ɪɟɠɢɦɚ ɫɜɚɪɤɢ ɑɢɫɥɨ ɰɢɤɥɨɜ ɞɨ ɪɚɡɪɭɲɟɧɢɹ 

2 81 033 
4 23 940 
6 22 743 

 
ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɤɨɥɢɱɟɫɬɜɨ ɰɢɤɥɨɜ ɩɪɢ ɢɫɩɵɬɚɧɢɹɯ ɫɜɚɪɧɵɯ ɨɛɪɚɡɰɨɜ ɧɚ ɦɚ-

ɥɨɰɢɤɥɨɜɭɸ ɭɫɬɚɥɨɫɬɶ ɞɨɫɬɢɝɚɟɬ ββ74γ ɰɢɤɥɨɜ. 
 

Ɂɚɤɥɸɱɟɧɢɹ 
ȼ ɩɪɨɰɟɫɫɟ ɩɪɢɦɟɧɟɧɢɹ ɗɅɋ ɜɵɹɜɥɟɧɨ, ɱɬɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɬɨɥɳɢɧɵ ɦɟɬɚɥɥɚ ɩɪɢ 

ɫɜɚɪɤɟ ɜɟɪɬɢɤɚɥɶɧɵɦ ɷɥɟɤɬɪɨɧɧɵɦ ɥɭɱɨɦ ɩɪɨɰɟɫɫ ɮɨɪɦɢɪɨɜɚɧɢɹ ɲɜɚ ɭɫɥɨɠɧɹɟɬɫɹ ɢɡ-
ɡɚ ɩɨɞɬɟɤɚɧɢɹ ɩɨɞ ɥɭɱ ɠɢɞɤɨɝɨ ɦɟɬɚɥɥɚ. ɍɫɥɨɜɢɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɲɜɚ ɩɪɢ ɜɟɪɬɢɤɚɥɶɧɨɦ 
ɩɨɥɨɠɟɧɢɢ ɥɭɱɚ ɜɟɞɭɬ ɤ ɜɨɡɪɚɫɬɚɧɢɸ ɬɟɩɥɨɜɥɨɠɟɧɢɣ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɩɟɪɟɝɪɟɜɭ ɪɚɫ-
ɩɥɚɜɚ ɢ ɪɚɡɛɪɵɡɝɢɜɚɧɢɸ ɦɟɬɚɥɥɚ ɫɜɚɪɨɱɧɨɣ ɜɚɧɧɵ. ɉɪɢ ɗɅɋ ɢɡɞɟɥɢɣ ɝɨɪɢɡɨɧɬɚɥɶɧɵɦ 
ɥɭɱɨɦ ɪɨɫɬ ɡɧɚɱɟɧɢɣ ɩɪɢɤɥɚɞɵɜɚɟɦɨɣ ɦɨɳɧɨɫɬɢ ɩɨɱɬɢ ɩɪɨɩɨɪɰɢɨɧɚɥɟɧ ɝɥɭɛɢɧɟ ɩɪɨ-
ɩɥɚɜɥɟɧɢɹ. ɋ ɬɨɱɤɢ ɡɪɟɧɢɹ ɨɩɬɢɦɚɥɶɧɨɣ ɮɨɪɦɵ ɲɜɚ ɢ ɦɢɧɢɦɢɡɚɰɢɢ ɬɟɩɥɨɜɥɨɠɟɧɢɹ 
ɨɩɬɢɦɚɥɶɧɵɦ ɜɚɪɢɚɧɬɨɦ ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɷɥɟɤɬɪɨɧɧɨɝɨ ɥɭɱɚ. 

ɂɫɯɨɞɹ ɢɡ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɪɚɡɦɟɪɨɜ ɫɜɚɪɧɵɯ ɲɜɨɜ, ɜɵɩɨɥɧɟɧɧɵɯ ɩɨ ɪɚɡɧɵɦ ɪɟ-
ɠɢɦɚɦ, ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɧɚɢɛɨɥɟɟ ɩɨɜɬɨɪɹɟɦɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨɥɭɱɟɧɵ ɩɪɢ ɫɤɨɪɨɫɬɢ 
ɫɜɚɪɤɢ 40 ɦ/ɱ ɝɨɪɢɡɨɧɬɚɥɶɧɵɦ ɥɭɱɨɦ. Ɂɚ ɫɱɟɬ ɮɨɪɦɵ ɲɜɚ ɬɚɤɠɟ ɦɨɠɟɬ ɝɚɪɚɧɬɢɪɨɜɚɬɶɫɹ 
ɩɨɥɧɨɟ ɩɪɨɩɥɚɜɥɟɧɢɟ ɤɪɨɦɨɤ ɫɜɚɪɢɜɚɟɦɵɯ ɞɟɬɚɥɟɣ ɩɪɢ ɦɢɧɢɦɚɥɶɧɵɯ ɬɟɩɥɨɜɵɯ ɜɥɨɠɟ-
ɧɢɹɯ, ɱɬɨ ɛɥɚɝɨɬɜɨɪɧɨ ɫɤɚɡɵɜɚɟɬɫɹ ɧɚ ɫɬɪɭɤɬɭɪɟ ɦɟɬɚɥɥɚ ɲɜɚ ɢ ɨɤɨɥɨɲɨɜɧɨɣ ɡɨɧɵ. 

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɩɪɢ ɫɤɨɪɨɫɬɢ ɫɜɚɪɤɢ 40 ɦ/ɱ ɩɪɨɱɧɨɫɬɶ 
ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ ɢ ɭɞɚɪɧɚɹ ɜɹɡɤɨɫɬɶ ɛɨɥɶɲɟ (ɩɨ ɫɪɟɞɧɢɦ ɡɧɚɱɟɧɢɹɦ). Ⱦɚɧɧɵɣ ɮɚɤɬ, ɩɨ-
ɜɢɞɢɦɨɦɭ, ɫɜɹɡɚɧ ɫ ɛɨɥɟɟ ɢɧɬɟɧɫɢɜɧɵɦ ɨɯɥɚɠɞɟɧɢɟɦ ɦɟɬɚɥɥɚ ɲɜɚ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɫɤɨɪɨ-
ɫɬɢ ɫɜɚɪɤɢ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɮɢɤɫɢɪɭɟɬɫɹ ɛɨɥɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɦɟɬɚɫɬɚɛɢɥɶɧɨɣ ȕ-ɮɚɡɵ, 
ɱɬɨ ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɟɟ ɞɢɫɩɟɪɫɧɵɣ ɪɚɫɩɚɞ ɩɪɢ ɞɚɥɶɧɟɣɲɟɣ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɟ. 

ɂɡ ɞɚɧɧɵɯ ɬɚɛɥ. β ɜɢɞɧɨ, ɱɬɨ ɩɪɨɱɧɨɫɬɶ ɜɫɟɯ ɢɫɩɵɬɚɧɧɵɯ ɫɜɚɪɧɵɯ ɨɛɪɚɡɰɨɜ 
(ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɪɟɠɢɦɚ ɫɜɚɪɤɢ ɢ ɬɨɥɳɢɧɵ ɫɜɚɪɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ) ɦɟɧɶɲɟ ɩɪɨɱɧɨɫɬɢ ɨɫ-
ɧɨɜɧɨɝɨ ɦɟɬɚɥɥɚ. ȼɚɠɧɨ ɩɨɧɢɦɚɬɶ, ɱɬɨ ɩɪɢ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɟ, ɜɵɩɨɥɧɹɟɦɨɣ ɩɨɫɥɟ 
ɗɅɋ, ɮɨɪɦɢɪɭɸɬɫɹ ɫɬɪɭɤɬɭɪɚ ɢ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɤɚɤ ɫɜɚɪɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ, ɬɚɤ ɢ 
ɨɫɧɨɜɧɨɝɨ ɦɟɬɚɥɥɚ. Ⱦɥɹ ɨɫɧɨɜɧɨɝɨ ɦɟɬɚɥɥɚ, ɨɛɥɚɞɚɸɳɟɝɨ ɢɫɯɨɞɧɨ ɦɟɥɤɨɣ ɪɟɤɪɢɫɬɚɥ-
ɥɢɡɨɜɚɧɧɨɣ ɫɬɪɭɤɬɭɪɨɣ, ɷɮɮɟɤɬ ɭɩɪɨɱɧɹɸɳɟɣ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɛɨɥɶɲɟ, ɱɟɦ ɞɥɹ 
ɤɪɭɩɧɨɡɟɪɧɢɫɬɨɣ ɫɬɪɭɤɬɭɪɵ ɫɜɚɪɧɨɝɨ ɲɜɚ.  

ɂɫɯɨɞɹ ɢɡ ɜɫɟɝɨ ɜɵɲɟɢɡɥɨɠɟɧɧɨɝɨ, ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɧɚɢɥɭɱɲɢɦɢ ɯɚ-
ɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɨɛɥɚɞɚɸɬ ɫɜɚɪɧɵɟ ɫɨɟɞɢɧɟɧɢɹ, ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ ɫɤɨɪɨɫɬɢ ɫɜɚɪɤɢ 40 ɦ/ɱ 
ɝɨɪɢɡɨɧɬɚɥɶɧɵɦ ɥɭɱɨɦ.  

ɉɪɨɜɟɞɟɧɧɵɟ ɦɟɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɩɨɤɚɡɚɥɢ, ɱɬɨ 
ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɫɯɟɦɚɯ ɗɅɋ (ɩɨɥɨɠɟɧɢɟ ɷɥɟɤɬɪɨɧɧɨ-ɥɭɱɟɜɨɣ ɩɭɲɤɢ) 
ɧɟ ɩɪɢɜɨɞɢɬ ɤ ɨɳɭɬɢɦɵɦ ɢɡɦɟɧɟɧɢɹɦ ɜ ɦɢɤɪɨɫɬɪɭɤɬɭɪɟ ɫɜɚɪɧɨɝɨ ɲɜɚ. ɋɤɨɪɨɫɬɶ ɫɜɚɪ-
ɤɢ ɬɚɤɠɟ ɧɟɡɧɚɱɢɬɟɥɶɧɨ ɩɨɜɥɢɹɥɚ ɧɚ ɫɬɪɭɤɬɭɪɭ ɲɜɚ – ɧɚɛɥɸɞɚɟɬɫɹ ɧɟɛɨɥɶɲɚɹ ɪɚɡɧɢɰɚ 
ɜ ɪɚɡɦɟɪɟ ȕ-ɡɟɪɟɧ.  
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ȼ ɪɚɛɨɬɟ Д6Ж ɨɬɦɟɱɟɧɨ, ɱɬɨ ɞɨɥɝɨɜɟɱɧɨɫɬɶ ɦɟɬɚɥɥɚ ɲɜɚ ɧɚɩɪɹɦɭɸ ɡɚɜɢɫɢɬ ɨɬ ɟɝɨ 
ɩɪɨɱɧɨɫɬɢ ɢ ɩɥɚɫɬɢɱɧɨɫɬɢ, ɢ ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ – ɨɬ ɭɞɚɪɧɨɣ ɜɹɡɤɨɫɬɢ. Ɉɞɧɚɤɨ ɜ ɞɚɧɧɨɣ 
ɪɚɛɨɬɟ ɡɚɜɢɫɢɦɨɫɬɢ ɩɨɥɭɱɟɧɨ ɧɟ ɛɵɥɨ, ɱɬɨ ɦɨɠɟɬ ɛɵɬɶ ɨɛɭɫɥɨɜɥɟɧɨ ɪɚɡɥɢɱɧɨɣ ɫɤɨɪɨ-
ɫɬɶɸ ɨɯɥɚɠɞɟɧɢɹ ɫɜɚɪɧɵɯ ɨɛɪɚɡɰɨɜ (ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɯ ɬɨɥɳɢɧɵ) ɩɪɢ ɜɚɤɭɭɦɧɨɣ 
ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɟ. ɇɟɫɦɨɬɪɹ ɧɚ ɷɬɨ, ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ ɩɨɥɭɱɟɧɧɵɣ ɭɪɨɜɟɧɶ ɰɢɤ-
ɥɨɜ ɞɨ ɪɚɡɪɭɲɟɧɢɹ. ɉɨɦɢɦɨ ɯɨɪɨɲɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɦɚɥɨɰɢɤɥɨɜɨɣ ɭɫɬɚɥɨɫɬɢ (ɨɞɧɨ ɢɡ 
ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɫɜɨɣɫɬɜ ɩɪɢ ɗɅɋ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ) ɭɞɚɥɨɫɶ ɨɛɟɫɩɟɱɢɬɶ ɨɩɬɢɦɚɥɶ-
ɧɵɣ ɭɪɨɜɟɧɶ ɩɪɨɱɧɨɫɬɢ ɢ ɩɥɚɫɬɢɱɧɨɫɬɢ ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ. 

ɋɥɟɞɭɟɬ ɬɚɤɠɟ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɪɚɡɪɭɲɟɧɢɟ ɨɛɪɚɡɰɨɜ ɩɪɢ ɢɫɩɵɬɚɧɢɹɯ ɧɚ ɪɚɫɬɹɠɟ-
ɧɢɟ ɢ ɦɚɥɨɰɢɤɥɨɜɭɸ ɭɫɬɚɥɨɫɬɶ ɩɪɨɢɫɯɨɞɢɥɨ ɩɨ ɫɜɚɪɧɨɦɭ ɲɜɭ (ɪɢɫ. 4).  

 

 
Ɋɢɫ. 4. Ɋɚɡɪɭɲɟɧɧɵɟ ɫɜɚɪɧɵɟ ɨɛɪɚɡɰɵ ɩɨɫɥɟ ɢɫɩɵɬɚɧɢɣ ɧɚ ɪɚɫɬɹɠɟɧɢɟ ɢ ɦɚɥɨɰɢɤɥɨɜɭɸ 

ɭɫɬɚɥɨɫɬɶ ɢɡ ɫɩɥɚɜɚ ȼɌββɆ 
 

Ⱦɚɧɧɚɹ ɤɚɪɬɢɧɚ ɩɪɨɬɢɜɨɪɟɱɢɬ ɪɟɡɭɥɶɬɚɬɚɦ ɢɫɫɥɟɞɨɜɚɧɢɣ ɫɜɚɪɧɵɯ ɨɛɪɚɡɰɨɜ ɢɡ 
ɫɩɥɚɜɚ ȼɌ6ɱ., ɝɞɟ ɪɚɡɪɭɲɟɧɢɟ ɩɪɨɢɫɯɨɞɢɥɨ ɩɨ ɨɫɧɨɜɧɨɦɭ ɦɟɬɚɥɥɭ ɨɛɪɚɡɰɚ. ɗɬɨ ɦɨɠɟɬ 
ɛɵɬɶ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ ɜ ɫɜɚɪɧɨɦ ɫɨɟɞɢɧɟɧɢɢ ɢɡ ɫɩɥɚɜɚ ȼɌ6ɱ. ɜɵɫɨɤɚɹ ɬɜɟɪɞɨɫɬɶ ɢ 
ɩɪɨɱɧɨɫɬɶ ɨɛɟɫɩɟɱɢɜɚɸɬɫɹ ɛɥɚɝɨɞɚɪɹ ɩɥɚɫɬɢɧɚɦ α-ɮɚɡɵ, ɪɚɫɩɨɥɨɠɟɧɧɵɦ ɜɧɭɬɪɢ  
ȕ-ɮɚɡɵ. ȼ ɩɟɪɟɯɨɞɧɨɦ ɫɩɥɚɜɟ ȼɌββɆ ɫ ɩɨɜɵɲɟɧɢɟɦ ɤɨɧɰɟɧɬɪɚɰɢɢ ȕ-ɫɬɚɛɢɥɢɡɢɪɭɸɳɢɯ 
ɷɥɟɦɟɧɬɨɜ ɯɚɪɚɤɬɟɪ ɫɬɪɭɤɬɭɪɵ ɢɧɨɣ: ɢɝɨɥɶɱɚɬɵɟ ɜɵɞɟɥɟɧɢɹ αʹ-ɮɚɡɵ ɩɟɪɟɯɨɞɹɬ ɜ ɦɟɥ-
ɤɨɞɢɫɩɟɪɫɧɵɟ ɜɵɞɟɥɟɧɢɹ α-ɮɚɡɵ ɜ ɦɚɬɪɢɰɟ ȕ-ɮɚɡɵ, ɡɚ ɫɱɟɬ ɱɟɝɨ ɩɪɨɱɧɨɫɬɶ ɫɜɚɪɧɨɝɨ 
ɲɜɚ ɭɦɟɧɶɲɚɟɬɫɹ Дβ4Ж. 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɫɥɟɞɭɸɳɢɟ ɜɵɜɨɞɵ: 
ɞɥɹ ɩɪɹɦɨɥɢɧɟɣɧɵɯ ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɨɩɬɢɦɚɥɶɧɵɦ ɹɜɥɹɟɬɫɹ ɩɪɨɜɟɞɟɧɢɟ ɗɅɋ ɝɨɪɢ-
ɡɨɧɬɚɥɶɧɵɦ ɥɭɱɨɦ. ɋ ɜɨɡɪɚɫɬɚɧɢɟɦ ɫɤɨɪɨɫɬɢ ɫɜɚɪɤɢ ɭɜɟɥɢɱɢɜɚɸɬɫɹ ɡɧɚɱɟɧɢɹ ɦɟɯɚɧɢ-
ɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɫɜɚɪɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ, ɨɞɧɚɤɨ ɩɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɜɟɪɧɵ ɞɥɹ ɤɨɧɤɪɟɬ-
ɧɵɯ ɪɟɠɢɦɨɜ (ɜ ɢɫɫɥɟɞɭɟɦɨɦ ɞɢɚɩɚɡɨɧɟ) ɢ ɞɥɹ ɤɨɧɤɪɟɬɧɨɝɨ ɫɩɥɚɜɚ, ɬɚɤ ɤɚɤ ɭɜɟɥɢɱɟɧɢɟ 
ɫɤɨɪɨɫɬɢ ɦɨɠɟɬ ɨɤɚɡɚɬɶ ɧɟɝɚɬɢɜɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɫɬɪɭɤɬɭɪɭ ɢ ɫɜɨɣɫɬɜɚ. ȼ ɡɚɤɥɸɱɟɧɢɢ 
ɧɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɪɢɦɟɧɟɧɢɟ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ ɫɜɚɪɤɢ ɬɪɟɛɭɟɬ ɬɳɚɬɟɥɶɧɨɝɨ ɜɵ-
ɛɨɪɚ ɪɟɠɢɦɨɜ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɫɜɚɪɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ.  
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ȼɜɟɞɟɧɢɟ 
Ɏɟɧɨɥɮɨɪɦɚɥɶɞɟɝɢɞɧɵɟ ɫɦɨɥɵ ɹɜɥɹɸɬɫɹ ɩɟɪɜɵɦɢ ɩɨɥɭɱɟɧɧɵɦɢ ɜ ɩɪɨɦɵɲɥɟɧ-

ɧɨɦ ɦɚɫɲɬɚɛɟ ɫɢɧɬɟɬɢɱɟɫɤɢɦɢ ɫɦɨɥɚɦɢ, ɧɚɯɨɞɹɬ ɩɪɢɦɟɧɟɧɢɟ ɩɪɚɤɬɢɱɟɫɤɢ ɜɨ ɜɫɟɯ 
ɧɚɭɤɨɟɦɤɢɯ ɢ ɦɚɬɟɪɢɚɥɨɟɦɤɢɯ ɨɬɪɚɫɥɹɯ ɢ ɲɢɪɨɤɨ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɦɟɠɞɭɧɚɪɨɞɧɨɦ 
ɪɵɧɤɟ ɯɢɦɢɱɟɫɤɨɣ ɩɪɨɞɭɤɰɢɢ. Ɉɫɧɨɜɧɵɦɢ ɞɨɫɬɨɢɧɫɬɜɚɦɢ ɮɟɧɨɥɮɨɪɦɚɥɶɞɟɝɢɞɧɵɯ 
ɫɦɨɥ ɹɜɥɹɸɬɫɹ ɬɟɪɦɨ- ɢ ɬɟɩɥɨɫɬɨɣɤɨɫɬɶ, ɜɵɫɨɤɚɹ ɩɪɨɱɧɨɫɬɶ, ɬɟɪɦɨɫɬɚɛɢɥɶɧɨɫɬɶ ɢ ɫɨ-
ɯɪɚɧɟɧɢɟ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɩɪɢ ɩɨɜɵɲɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɚ ɬɚɤɠɟ ɧɟɝɨɪɸɱɟɫɬɶ, 
ɧɢɡɤɨɟ ɞɵɦɨɜɵɞɟɥɟɧɢɟ, ɦɚɥɚɹ ɬɨɤɫɢɱɧɨɫɬɶ, ɨɬɥɢɱɧɵɟ ɬɟɩɥɨ- ɢ ɷɥɟɤɬɪɨɢɡɨɥɹɰɢɨɧɧɵɟ 
ɫɩɨɫɨɛɧɨɫɬɢ, ɧɢɡɤɚɹ ɫɬɨɢɦɨɫɬɶ ɢɫɯɨɞɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ Д1Ж. 

Ɏɟɧɨɥɮɨɪɦɚɥɶɞɟɝɢɞɧɵɟ ɫɦɨɥɵ – ɷɬɨ ɨɥɢɝɨɦɟɪɧɵɟ ɜɟɳɟɫɬɜɚ, ɩɨɥɭɱɚɟɦɵɟ ɩɨɥɢ-
ɤɨɧɞɟɧɫɚɰɢɟɣ ɮɟɧɨɥɨɜ ɫ ɮɨɪɦɚɥɶɞɟɝɢɞɨɦ. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɨɬɧɨɲɟɧɢɹ ɤɨɦɩɨɧɟɧɬɨɜ 
ɢ ɭɫɥɨɜɢɣ ɩɪɨɜɟɞɟɧɢɹ ɪɟɚɤɰɢɢ ɫɭɳɟɫɬɜɭɸɬ ɞɜɚ ɪɚɡɥɢɱɧɵɯ ɬɢɩɚ ɮɟɧɨɥɮɨɪɦɚɥɶɞɟɝɢɞ-
ɧɵɯ ɫɦɨɥ. ɉɪɢ ɷɤɜɢɦɨɥɹɪɧɨɦ ɫɨɨɬɧɨɲɟɧɢɢ ɮɟɧɨɥɚ ɢ ɮɨɪɦɚɥɶɞɟɝɢɞɚ, ɚ ɬɚɤɠɟ ɩɪɢ ɢɡ-
ɛɵɬɤɟ ɮɨɪɦɚɥɶɞɟɝɢɞɚ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɮɟɧɨɥɭ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɨɫɧɨɜɧɵɯ (ɳɟɥɨɱɧɵɯ) 
ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɩɨɥɭɱɚɸɬ ɫɦɨɥɵ ɪɟɡɨɥɶɧɨɝɨ ɬɢɩɚ, ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ ɬɟɪɦɨɪɟɚɤɬɢɜɧɵɦɢ. 
ȼ ɭɫɥɨɜɢɹɯ ɢɡɛɵɬɤɚ ɮɟɧɨɥɚ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɮɨɪɦɚɥɶɞɟɝɢɞɭ ɢ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɤɢɫ-
ɥɨɬɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɩɪɨɞɭɤɬɚɦɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɹɜɥɹɸɬɫɹ ɫɦɨɥɵ ɧɨɜɨɥɚɱɧɨɝɨ ɬɢɩɚ, 
ɤɨɬɨɪɵɟ ɨɬɧɨɫɹɬɫɹ ɤ ɤɥɚɫɫɭ ɬɟɪɦɨɩɥɚɫɬɢɱɧɵɯ ДβЖ. 

Ɏɟɧɨɥɮɨɪɦɚɥɶɞɟɝɢɞɧɵɟ ɫɦɨɥɵ – ɨɛɴɟɤɬɵ ɚɤɬɢɜɧɵɯ ɧɚɭɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ 
ɨɫɧɨɜɚ ɞɥɹ ɦɚɬɟɪɢɚɥɨɜ ɜ ɪɚɡɥɢɱɧɵɯ ɨɛɥɚɫɬɹɯ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ Дγ–9].  

ɇɨɜɨɥɚɱɧɵɟ ɮɟɧɨɥɮɨɪɦɚɥɶɞɟɝɢɞɧɵɟ ɫɦɨɥɵ ɫɢɧɬɟɡɢɪɭɸɬ ɩɪɢ ɢɡɛɵɬɤɟ ɮɟɧɨɥɚ ɜ 
ɩɪɢɫɭɬɫɬɜɢɢ ɤɢɫɥɨɬɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ. ȼ ɨɬɥɢɱɢɟ ɨɬ ɪɟɡɨɥɶɧɵɯ ɫɦɨɥ, ɫɦɨɥɵ ɷɬɨɝɨ ɬɢɩɚ 
ɧɟ ɫɨɞɟɪɠɚɬ ɦɟɬɢɥɨɥɶɧɵɯ ɝɪɭɩɩ, ɩɨɷɬɨɦɭ ɫɩɨɫɨɛɧɵ ɜɫɬɭɩɚɬɶ ɜ ɪɟɚɤɰɢɸ ɩɨɥɢɤɨɧɞɟɧɫɚ-
ɰɢɢ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɫɬɪɭɤɬɭɪ ɬɨɥɶɤɨ ɩɪɢ ɜɜɟɞɟɧɢɢ ɜ ɫɢɫɬɟɦɭ ɨɬɜɟɪ-
ɞɢɬɟɥɟɣ ɢ ɩɪɢ ɩɨɜɵɲɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ. ɇɨɜɨɥɚɱɧɵɟ ɫɦɨɥɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ 
ɬɜɟɪɞɵɣ ɩɥɚɜɤɢɣ ɦɚɬɟɪɢɚɥ, ɨɬɜɟɪɠɞɚɟɦɵɣ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɛɨɥɟɟ 150–180 °ɋ ɫ ɩɨɦɨ-
ɳɶɸ ɩɚɪɚɮɨɪɦɚ, ɭɪɨɬɪɨɩɢɧɚ ɢ ɞɪ. Ɉɬɜɟɪɠɞɟɧɢɟ ɬɚɤɠɟ ɦɨɠɧɨ ɩɪɨɜɨɞɢɬɶ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 
ɚɤɬɢɜɧɵɯ ɪɚɫɬɜɨɪɢɬɟɥɟɣ (ɮɭɪɮɭɪɨɥɚ, ɮɭɪɮɭɪɢɥɨɜɨɝɨ ɫɩɢɪɬɚ ɢ ɬ. ɞ.), ɤɨɬɨɪɵɟ ɭɱɚɫɬɜɭ-
ɸɬ ɜ ɩɪɨɰɟɫɫɚɯ ɨɛɪɚɡɨɜɚɧɢɹ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɩɨɥɢɦɟɪɧɨɣ ɫɬɪɭɤɬɭɪɵ Д10Ж.  

ɉɨɞɪɨɛɧɨ ɦɟɬɨɞɢɤɢ ɩɨɥɭɱɟɧɢɹ ɮɟɧɨɥɮɨɪɦɚɥɶɞɟɝɢɞɧɵɯ ɫɦɨɥ ɨɩɢɫɚɧɵ ɜ ɛɨɥɶ-
ɲɨɦ ɤɨɥɢɱɟɫɬɜɟ ɪɚɡɥɢɱɧɨɣ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ ɥɢɬɟɪɚɬɭɪɵ. ɉɪɢ ɩɨɥɭɱɟɧɢɢ ɧɨɜɨɥɚɱ-
ɧɵɯ ɮɟɧɨɥɮɨɪɦɚɥɶɞɟɝɢɞɧɵɯ ɫɦɨɥ ɩɨɛɨɱɧɵɦ ɩɪɨɞɭɤɬɨɦ ɪɟɚɤɰɢɢ ɹɜɥɹɟɬɫɹ ɜɨɞɚ, ɚ ɜ 
ɩɪɨɰɟɫɫɟ ɤɨɧɞɟɧɫɚɰɢɢ ɮɟɧɨɥɨɜ ɫ ɮɨɪɦɚɥɶɞɟɝɢɞɨɦ ɨɛɪɚɡɭɟɬɫɹ ɫɥɨɠɧɚɹ ɫɦɟɫɶ ɢɡɨɦɟɪ-
ɧɵɯ ɨɥɢɝɨɦɟɪɨɜ. ɋ ɭɱɟɬɨɦ ɭɫɥɨɜɢɣ ɩɨɥɭɱɟɧɢɹ ɧɨɜɨɥɚɱɧɵɟ ɨɥɢɝɨɦɟɪɵ ɨɬɥɢɱɚɸɬɫɹ 
ɮɪɚɤɰɢɨɧɧɵɦ ɫɨɫɬɚɜɨɦ, ɪɚɡɜɟɬɜɥɟɧɧɨɫɬɶɸ ɦɨɥɟɤɭɥ, ɬɟɦɩɟɪɚɬɭɪɨɣ ɩɥɚɜɥɟɧɢɹ, ɪɚɫɬɜɨ-
ɪɢɦɨɫɬɶɸ ɢ ɜɹɡɤɨɫɬɶɸ ɪɚɫɬɜɨɪɨɜ. ɇɚɥɢɱɢɟ ɫɜɨɛɨɞɧɵɯ ɪɟɚɤɰɢɨɧɧɵɯ ɰɟɧɬɪɨɜ ɨɩɪɟɞɟɥɹ-
ɟɬ ɫɩɨɫɨɛɧɨɫɬɶ ɧɨɜɨɥɚɱɧɵɯ ɨɥɢɝɨɦɟɪɨɜ ɤ ɩɟɪɟɯɨɞɭ ɜ ɧɟɩɥɚɜɤɨɟ ɢ ɧɟɪɚɫɬɜɨɪɢɦɨɟ ɫɨ-
ɫɬɨɹɧɢɟ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɢɯ ɭɪɨɬɪɨɩɢɧɨɦ. ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɧɨɜɨɥɚɱɧɵɯ ɨɥɢɝɨɦɟɪɨɜ ɫ 
ɭɪɨɬɪɨɩɢɧɨɦ, ɩɪɢɜɨɞɹɳɟɟ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɪɟɡɢɬɚ, ɩɪɨɢɫɯɨɞɢɬ ɫ ɜɵɫɨɤɨɣ ɫɤɨɪɨɫɬɶɸ ɜ 
ɩɪɨɰɟɫɫɟ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ. ɉɪɢ ɷɬɨɦ ɫɤɨɪɨɫɬɶ ɨɬɜɟɪɠɞɟɧɢɹ ɬɟɦ ɛɨɥɶɲɟ, ɱɟɦ ɦɟɧɶɲɟ 
ɫɨɞɟɪɠɚɧɢɟ ɫɜɨɛɨɞɧɨɝɨ ɮɟɧɨɥɚ ɜ ɨɥɢɝɨɦɟɪɟ Д11Ж.  

ȼ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧ ɫɩɨɫɨɛ ɩɨɥɭɱɟɧɢɹ ɮɟɧɨɥɮɨɪɦɚɥɶɞɟɝɢɞɧɵɯ 
ɫɦɨɥ, ɜ ɤɨɬɨɪɨɦ ɮɨɪɦɚɥɶɞɟɝɢɞ ɡɚɦɟɧɟɧ ɧɚ ɮɭɪɮɭɪɨɥ ɞɥɹ ɭɜɟɥɢɱɟɧɢɹ ɜɵɯɨɞɚ ɩɪɨɞɭɤɬɚ, 
ɫɧɢɠɟɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɨɬɟɪɶ ɢ ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ 
ɩɨɥɭɱɚɸɬ ɲɢɪɨɤɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɟ ɮɟɧɨɥɮɭɪɮɭɪɨɥɶɧɵɟ ɫɦɨɥɵ – ɨɥɢɝɨɦɟɪɧɵɟ ɩɪɨ-
ɞɭɤɬɵ ɩɨɥɢɤɨɧɞɟɧɫɚɰɢɢ ɮɟɧɨɥɚ ɫ ɮɭɪɮɭɪɨɥɨɦ, ɫɩɨɫɨɛɧɵɟ ɩɪɟɜɪɚɳɚɬɶɫɹ ɜ ɩɪɨɫɬɪɚɧ-
ɫɬɜɟɧɧɵɟ (ɫɲɢɬɵɟ) ɩɨɥɢɦɟɪɵ. Ɉɬɜɟɪɠɞɟɧɢɟ ɩɪɨɯɨɞɢɬ ɚɧɚɥɨɝɢɱɧɨ ɮɟɧɨɥɮɨɪɦɚɥɶɞɟɝɢɞ-
ɧɵɦ ɫɦɨɥɚɦ, ɨɞɧɚɤɨ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 1γ0–150 °ɋ ɫɦɨɥɚ ɞɥɢɬɟɥɶɧɨɟ ɜɪɟɦɹ ɫɨɯɪɚɧɹɟɬ 
ɜɵɫɨɤɭɸ ɬɟɤɭɱɟɫɬɶ ɢ ɛɵɫɬɪɨ ɨɬɜɟɪɠɞɚɟɬɫɹ ɬɨɥɶɤɨ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 1κ0–200 °ɋ Д1βЖ.  
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Ɏɭɪɮɭɪɨɥ ɹɜɥɹɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɪɟɚɤɰɢɨɧɧɨɫɩɨɫɨɛɧɵɦ ɫɨɟɞɢɧɟɧɢɟɦ ɢ ɨɫɧɨɜɧɵɦ 
ɤɨɦɩɨɧɟɧɬɨɦ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɮɟɧɨɥɮɭɪɮɭɪɨɥɶɧɵɯ ɫɦɨɥ. Ɏɭɪɮɭɪɨɥɶɧɵɟ ɩɨɥɢɦɟɪɵ ɫɩɨ-
ɫɨɛɧɵ ɨɛɪɚɡɨɜɵɜɚɬɶɫɹ ɞɚɠɟ ɩɪɢ ɞɥɢɬɟɥɶɧɨɦ ɯɪɚɧɟɧɢɢ ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɟɚɤɰɢɢ ɨɤɢɫɥɟɧɢɹ 
ɢ ɩɨɫɥɟɞɭɸɳɢɯ ɩɪɟɜɪɚɳɟɧɢɣ, ɫɜɹɡɚɧɧɵɯ ɫ ɪɚɡɪɵɜɨɦ ɝɟɬɟɪɨɰɢɤɥɚ. ȼ ɩɪɢɫɭɬɫɬɜɢɢ ɪɚɡ-
ɥɢɱɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɷɬɨɬ ɩɪɨɰɟɫɫ ɩɪɨɬɟɤɚɟɬ ɛɵɫɬɪɟɟ, ɢ ɩɪɢ ɨɬɜɟɪɠɞɟɧɢɢ ɮɭɪɮɭɪɨɥ 
ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɧɟɩɥɚɜɤɢɣ ɢ ɧɟɪɚɫɬɜɨɪɢɦɵɣ ɩɨɥɢɦɟɪ ɱɟɪɧɨɝɨ ɰɜɟɬɚ. Ɍɟɪɦɨɪɟɚɤɬɢɜɧɵɟ 
ɩɥɚɜɤɢɟ ɢ ɪɚɫɬɜɨɪɢɦɵɟ ɨɥɢɝɨɦɟɪɵ ɮɭɪɮɭɪɨɥɚ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɩɪɢ ɟɝɨ ɧɚɝɪɟɜɚɧɢɢ ɞɨ 
ɬɟɦɩɟɪɚɬɭɪ 1β0–140 °ɋ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɭɪɨɬɪɨɩɢɧɚ. Ɏɭɪɮɭɪɨɥ, ɢɦɟɹ ɞɜɨɣɧɵɟ ɫɜɹɡɢ ɢ 
ɚɤɬɢɜɧɭɸ ɚɥɶɞɟɝɢɞɧɭɸ ɝɪɭɩɩɭ, ɥɟɝɤɨ ɜɫɬɭɩɚɟɬ ɜ ɪɟɚɤɰɢɢ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɢ ɩɨɥɢɤɨɧ-
ɞɟɧɫɚɰɢɢ. ȿɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɨɛɭɫɥɨɜɥɟɧɨ ɞɨɫɬɭɩɧɨɫɬɶɸ, ɜɵɫɨɤɨɣ ɪɟɚɤɰɢɨɧɧɨɣ ɫɩɨ-
ɫɨɛɧɨɫɬɶɸ, ɯɨɪɨɲɟɣ ɪɚɫɬɜɨɪɢɦɨɫɬɶɸ ɢ ɦɚɥɨɣ ɬɨɤɫɢɱɧɨɫɬɶɸ. ɉɪɢ ɞɨɛɚɜɥɟɧɢɢ ɜ ɪɟɚɤ-
ɰɢɨɧɧɭɸ ɫɦɟɫɶ ɢɡɛɵɬɨɱɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɮɭɪɮɭɪɨɥɚ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɝɟɤɫɚɦɟɬɢɥɟɧɬɟɬɪɚ-
ɦɢɧɚ (ɭɪɨɬɪɨɩɢɧɚ) ɨɛɪɚɡɭɸɬɫɹ ɬɟɪɦɨɫɬɨɣɤɢɟ, ɧɟɩɥɚɜɤɢɟ ɢ ɧɟɪɚɫɬɜɨɪɢɦɵɟ ɫɦɨɥɵ, ɢɦɟ-
ɸɳɢɟ ɩɨɩɟɪɟɱɧɨɟ ɫɬɪɨɟɧɢɟ ɢ ɨɛɪɚɡɭɸɳɢɟ ɫɟɬɱɚɬɭɸ ɦɨɥɟɤɭɥɭ. ɉɪɢ ɫɨɜɦɟɳɟɧɢɢ ɷɬɢɯ 
ɫɦɨɥ ɫ ɮɟɧɨɥɮɨɪɦɚɥɶɞɟɝɢɞɧɵɦɢ ɫɦɨɥɚɦɢ ɬɟɪɦɨɫɬɚɛɢɥɶɧɨɫɬɶ ɭɜɟɥɢɱɢɜɚɟɬɫɹ. ɉɪɢ ɤɨɧ-
ɞɟɧɫɚɰɢɢ ɮɟɧɨɥɚ ɫ ɢɡɛɵɬɤɨɦ ɮɭɪɮɭɪɨɥɚ ɜ ɳɟɥɨɱɧɨɣ ɫɪɟɞɟ ɧɚɱɚɥɶɧɵɦ ɩɪɨɞɭɤɬɨɦ ɪɟɚɤ-
ɰɢɢ ɹɜɥɹɟɬɫɹ ɤɚɪɛɢɧɨɥ, ɤɨɬɨɪɵɣ ɬɚɤɠɟ ɭɱɚɫɬɜɭɟɬ ɜ ɞɚɥɶɧɟɣɲɟɣ ɤɨɧɞɟɧɫɚɰɢɢ. ȼ ɩɪɢ-
ɫɭɬɫɬɜɢɢ ɨɫɧɨɜɚɧɢɣ ɩɪɨɢɫɯɨɞɢɬ ɬɨɥɶɤɨ ɩɪɨɰɟɫɫ ɤɨɧɞɟɧɫɚɰɢɢ ɡɚ ɫɱɟɬ ɚɥɶɞɟɝɢɞɧɨɣ 
ɝɪɭɩɩɵ ɮɭɪɮɭɪɨɥɚ ɢ ɚɤɬɢɜɧɵɯ ɚɬɨɦɨɜ ɜɨɞɨɪɨɞɚ ɮɟɧɨɥɶɧɨɝɨ ɹɞɪɚ. ɉɪɢ ɷɬɨɦ ɨɛɪɚɡɭɸɬ-
ɫɹ ɩɥɚɜɤɢɟ ɪɚɫɬɜɨɪɢɦɵɟ ɫɦɨɥɵ ɬɢɩɚ ɧɨɜɨɥɚɤɨɜ. 

Ɏɟɧɨɥɮɭɪɮɭɪɨɥɶɧɵɟ ɨɥɢɝɨɦɟɪɵ ɜ ɨɬɥɢɱɢɟ ɨɬ ɮɟɧɨɥɮɨɪɦɚɥɶɞɟɝɢɞɧɵɯ ɨɛɥɚɞɚɸɬ 
ɥɭɱɲɟɣ ɬɟɤɭɱɟɫɬɶɸ, ɛɥɚɝɨɞɚɪɹ ɱɟɦɭ ɢɡɞɟɥɢɹ ɧɚ ɢɯ ɨɫɧɨɜɟ ɨɛɥɚɞɚɸɬ ɛɨɥɟɟ ɨɞɧɨɪɨɞɧɵɦ 
ɰɜɟɬɨɦ, ɢ ɜɧɟɲɧɢɦ ɜɢɞɨɦ. ɀɢɞɤɢɟ ɮɟɧɨɥɮɭɪɮɭɪɨɥɶɧɵɟ ɫɦɨɥɵ ɢɫɩɨɥɶɡɭɸɬ ɞɥɹ ɩɨɥɭ-
ɱɟɧɢɹ ɥɚɤɨɜ, ɤɥɟɟɜ ɢ ɫɥɨɢɫɬɵɯ ɩɥɚɫɬɢɤɨɜ. ɋɩɨɫɨɛɧɨɫɬɶ ɮɟɧɨɥɮɭɪɮɭɪɨɥɶɧɵɯ ɫɦɨɥ ɞɥɢ-
ɬɟɥɶɧɨɟ ɜɪɟɦɹ ɧɚɯɨɞɢɬɶɫɹ ɜ ɜɹɡɤɨɬɟɤɭɱɟɦ ɫɨɫɬɨɹɧɢɢ ɩɨɡɜɨɥɹɟɬ ɩɪɢɦɟɧɹɬɶ ɢɯ ɞɥɹ ɢɡɝɨ-
ɬɨɜɥɟɧɢɹ ɤɪɭɩɧɨɝɚɛɚɪɢɬɧɵɯ ɢɡɞɟɥɢɣ ɫɥɨɠɧɨɣ ɤɨɧɮɢɝɭɪɚɰɢɢ. ɂɡɞɟɥɢɹ, ɩɨɥɭɱɚɟɦɵɟ ɧɚ 
ɢɯ ɨɫɧɨɜɟ, ɢɦɟɸɬ ɩɨɜɵɲɟɧɧɭɸ ɬɟɩɥɨɫɬɨɣɤɨɫɬɶ, ɯɢɦɢɱɟɫɤɭɸ ɫɬɨɣɤɨɫɬɶ ɢ ɯɨɪɨɲɢɟ ɞɢ-
ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ. ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɞɥɢɬɟɥɶɧɨɟ ɫɨɯɪɚɧɟɧɢɟ ɬɟɤɭɱɟɫɬɢ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɚɯ 1γ0–150 °ɋ ɬɚɤɠɟ ɹɜɥɹɟɬɫɹ ɧɟɞɨɫɬɚɬɤɨɦ, ɬɚɤ ɤɚɤ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ 
ɜɪɟɦɟɧɢ ɮɨɪɦɨɜɚɧɢɹ ɢɡɞɟɥɢɹ, ɩɨɷɬɨɦɭ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɟ ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɸɬ ɫɦɟɫɢ ɮɟ-
ɧɨɥɮɭɪɮɭɪɨɥɶɧɵɯ ɢ ɮɟɧɨɥɮɨɪɦɚɥɶɞɟɝɢɞɧɵɯ ɨɥɢɝɨɦɟɪɨɜ [13–15]. 

ɉɨɞɨɛɧɭɸ ɫɢɫɬɟɦɭ – ɫɨɩɨɥɢɦɟɪ ɧɚ ɨɫɧɨɜɟ ɬɜɟɪɞɨɣ ɮɟɧɨɥɮɨɪɦɚɥɶɞɟɝɢɞɧɨɣ  
ɫɦɨɥɵ, ɮɭɪɮɭɪɨɥɚ ɢ ɤɚɬɚɥɢɡɚɬɨɪɚ ɩɨɥɢɤɨɧɞɟɧɫɚɰɢɢ ɭɪɨɬɪɨɩɢɧɚ – ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 
ɫɜɹɡɭɸɳɟɟ Ɏɇ, ɪɚɡɪɚɛɨɬɚɧɧɨɟ ɫɨɬɪɭɞɧɢɤɚɦɢ ɇɂɐ «Ʉɭɪɱɚɬɨɜɫɤɢɣ ɢɧɫɬɢɬɭɬ» ‒ ȼɂȺɆ 
ɜ ɫɟɪɟɞɢɧɟ 1λ70-ɯ ɝɝ. (Ɍɍ 1-595-28-1350–2013).  

 
Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ 

Ⱦɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɨɛɪɚɡɰɨɜ ɢɫɩɨɥɶɡɨɜɚɥɢ ɮɟɧɨɥɮɨɪɦɚɥɶɞɟɝɢɞɧɭɸ ɫɦɨɥɭ ɧɨɜɨ-
ɥɚɱɧɨɝɨ ɬɢɩɚ ɦɚɪɤɢ ɋɎ-010 (ȽɈɋɌ 1κ6λ4–β017) ɩɪɨɢɡɜɨɞɫɬɜɚ ɈɈɈ «Ɇɟɬɚɞɢɧɟɚ» ɢ 
ɉȺɈ «ɍɪɚɥɯɢɦɩɥɚɫɬ», ɚ ɬɚɤɠɟ ɫɜɹɡɭɸɳɟɟ Ɏɇ (Ɍɍ 1-595-28-1350–2013). 

ɏɪɨɦɚɬɨɝɪɚɮɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɨɛɪɚɡɰɨɜ ɩɪɨɜɨɞɢɥɢ ɧɚ ɭɫɬɚɧɨɜɤɟ δC-20 
PrШЦТЧОЧМО (ɮɢɪɦɚ SСТЦКНгЮ, əɩɨɧɢɹ), ɫɨɫɬɨɹɳɟɣ ɢɡ ɞɜɭɯ ɧɚɫɨɫɨɜ δC-β0χD, ɬɟɪɦɨɫɬɚ-
ɬɚ CTτ-β0χ, ɚɜɬɨɫɚɦɩɥɟɪɚ SIδ-β0χ, ɤɨɧɬɪɨɥɥɟɪɚ Cψε-β0χ ɢ ɪɟɮɪɚɤɬɨɦɟɬɪɢɱɟɫɤɨɝɨ 
ɞɟɬɟɤɬɨɪɚ RID-10χ. ɉɪɟɞɜɚɪɢɬɟɥɶɧɭɸ ɤɚɥɢɛɪɨɜɤɭ ɯɪɨɦɚɬɨɝɪɚɮɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɩɪɨ-
ɜɨɞɢɥɢ ɩɨ ɩɨɥɢɫɬɢɪɨɥɶɧɵɦ ɫɬɚɧɞɚɪɬɚɦ; ɞɚɥɶɧɟɣɲɢɣ ɩɪɨɮɢɥɶ ɦɨɥɟɤɭɥɹɪɧɨ-ɦɚɫɫɨɜɨɝɨ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨɥɭɱɚɥɢ ɦɟɬɨɞɨɦ ɜɧɭɬɪɟɧɧɟɝɨ ɫɬɚɧɞɚɪɬɚ ɩɭɬɟɦ ɧɨɪɦɢɪɨɜɤɢ ɩɨ ɨɛɳɟɣ 
ɩɥɨɳɚɞɢ ɨɥɢɝɨɦɟɪɧɨɣ ɮɪɚɤɰɢɢ. Ɉɛɪɚɛɨɬɤɭ ɯɪɨɦɚɬɨɝɪɚɦɦ ɩɪɨɜɨɞɢɥɢ ɫ ɩɨɦɨɳɶɸ ɩɪɢ-
ɥɨɠɟɧɢɹ GPCPШsЭrЮЧ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ δCSШХЮЭТШЧ (ɮɢɪɦɚ SСТЦКНгЮ, əɩɨɧɢɹ). 
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Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɭɸ ɫɤɚɧɢɪɭɸɳɭɸ ɤɚɥɨɪɢɦɟɬɪɢɸ (ȾɋɄ) ɩɪɨɜɨɞɢɥɢ ɧɚ ɩɪɢɛɨɪɟ 
DSC 204 F1 Phoenix ɜ ɩɟɪɮɨɪɢɪɨɜɚɧɧɵɯ ɚɥɸɦɢɧɢɟɜɵɯ ɬɢɝɥɹɯ ɫɨ ɫɤɨɪɨɫɬɶɸ ɧɚɝɪɟɜɚɧɢɹ 
10 Ʉ/ɦɢɧ ɜ ɞɢɧɚɦɢɱɟɫɤɨɣ ɚɬɦɨɫɮɟɪɟ ɚɡɨɬɚ (100 ɦɥ/ɦɢɧ). Ʉɚɥɢɛɪɨɜɤɭ ɩɪɢɛɨɪɚ ɨɫɭ-
ɳɟɫɬɜɥɹɥɢ ɩɨ ɩɥɚɜɥɟɧɢɸ ɫɬɚɧɞɚɪɬɧɵɯ ɨɛɪɚɡɰɨɜ ɦɟɬɚɥɥɨɜ (In, Sn, Zn, Bi) ɢ ɮɚɡɨɜɨɦɭ 
ɩɟɪɟɯɨɞɭ ɜ CsCl. 

 
Ɋɟɡɭɥɶɬɚɬɵ ɢ ɨɛɫɭɠɞɟɧɢɟ 

Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥɢ ɜɵɛɪɚɧɵ ɮɟɧɨɥɮɨɪɦɚɥɶɞɟɝɢɞɧɵɟ ɫɦɨɥɵ ɧɨɜɨɥɚɱɧɨɝɨ 
ɬɢɩɚ ɦɚɪɤɢ ɋɎ-010 ɞɜɭɯ ɪɚɡɥɢɱɧɵɯ ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ – ɈɈɈ «Ɇɟɬɚɞɢɧɟɚ»  
ɢ ɉȺɈ «ɍɪɚɥɯɢɦɩɥɚɫɬ». ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ ɩɟɪɜɨɦ ɫɥɭɱɚɟ ɩɪɨɢɡɜɨɞɫɬɜɨ ɨɫɭ-
ɳɟɫɬɜɥɹɟɬɫɹ ɩɨ ɬɟɯɧɨɥɨɝɢɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɚɡɨɬɧɨɣ «ɩɨɞɭɲɤɢ», ɩɪɟɞɨɬɜɪɚɳɚɸɳɟɣ 
ɤɨɧɬɚɤɬ ɢɫɯɨɞɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɢ ɪɟɚɤɰɢɨɧɧɨɣ ɦɚɫɫɵ ɫ ɤɢɫɥɨɪɨɞɨɦ ɜɨɡɞɭɯɚ ɢ, ɫɥɟɞɨɜɚ-
ɬɟɥɶɧɨ, ɭɦɟɧɶɲɚɸɳɟɣ ɜɥɢɹɧɢɟ ɨɤɢɫɥɢɬɟɥɶɧɵɯ ɩɪɨɰɟɫɫɨɜ, ɤɨɬɨɪɵɟ ɩɪɨɬɟɤɚɸɬ ɜ ɡɨɧɟ 
ɫɢɧɬɟɡɚ, ɧɚ ɫɜɨɣɫɬɜɚ ɩɪɨɞɭɤɬɚ.  

Ʉɚɠɞɚɹ ɩɚɪɬɢɹ ɫɦɨɥɵ ɋɎ-010 ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɚ ɩɨ ɫɥɟɞɭɸɳɢɦ ɩɨɤɚɡɚɬɟɥɹɦ 
(ɫɨɝɥɚɫɧɨ ɧɨɪɦɚɦ ȽɈɋɌ 1κ6λ4–β017): ɜɹɡɤɨɫɬɶ ɫɩɢɪɬɨɜɨɝɨ ɪɚɫɬɜɨɪɚ ɫɦɨɥɵ ɢ ɬɟɦɩɟɪɚ-
ɬɭɪɚ ɤɚɩɥɟɩɚɞɟɧɢɹ. Ɉɛɨɡɧɚɱɟɧɧɵɣ ɧɚɛɨɪ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɢɡɦɟɪɟɧɢɣ ɜ ɞɚɥɶɧɟɣɲɟɦ ɛɵɥ 
ɪɚɫɲɢɪɟɧ ɢ ɞɨɩɨɥɧɟɧ ɪɹɞɨɦ ɢɫɫɥɟɞɨɜɚɧɢɣ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɢ ɬɟɪɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ 
ɫ ɰɟɥɶɸ ɩɨɥɭɱɟɧɢɹ ɜɫɟɫɬɨɪɨɧɧɟɝɨ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɨ ɤɨɦɩɥɟɤɫɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɮɟɧɨɥ-
ɮɨɪɦɚɥɶɞɟɝɢɞɧɨɣ ɫɦɨɥɵ ɋɎ-010 ɨɬ ɪɚɡɧɵɯ ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ. Ɍɚɤ, ɫ ɰɟɥɶɸ ɤɨɥɢɱɟɫɬɜɟɧ-
ɧɨɣ ɨɰɟɧɤɢ ɚɤɬɢɜɧɨɫɬɢ ɫɦɨɥɵ ɜ ɪɟɚɤɰɢɢ ɩɨɥɢɤɨɧɞɟɧɫɚɰɢɢ ɩɪɢ ɨɬɜɟɪɠɞɟɧɢɢ ɨɩɪɟɞɟɥɟ-
ɧɨ ɜɪɟɦɹ ɠɟɥɚɬɢɧɢɡɚɰɢɢ ɫɦɨɥɵ ɫ ɭɪɨɬɪɨɩɢɧɨɦ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1γ0 °ɋ, ɩɪɢ ɷɬɨɦ ɫɨ-
ɞɟɪɠɚɧɢɟ ɨɬɜɟɪɞɢɬɟɥɹ ɜ ɫɦɟɫɢ ɫɨ ɫɦɨɥɨɣ ɫɨɫɬɚɜɥɹɥɨ 10 % (ɩɨ ɦɚɫɫɟ). Ʉɚɤ ɫɥɟɞɭɟɬ ɢɡ 
ɪɟɡɭɥɶɬɚɬɨɜ ɩɪɨɜɟɞɟɧɧɵɯ ɢɡɦɟɪɟɧɢɣ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜ ɬɚɛɥ. 1, ɞɢɧɚɦɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ 
50 %-ɧɵɯ ɫɩɢɪɬɨɜɵɯ ɪɚɫɬɜɨɪɨɜ ɢ ɬɟɦɩɟɪɚɬɭɪɚ ɤɚɩɥɟɩɚɞɟɧɢɹ ɞɜɭɯ ɨɛɪɚɡɰɨɜ ɧɨɜɨɥɚɱɧɨɣ 
ɫɦɨɥɵ ɛɥɢɡɤɢ ɩɨ ɡɧɚɱɟɧɢɸ, ɩɪɢ ɷɬɨɦ ɜɪɟɦɹ ɠɟɥɚɬɢɧɢɡɚɰɢɢ ɫ ɭɪɨɬɪɨɩɢɧɨɦ ɫɭɳɟɫɬɜɟɧ-
ɧɨ ɪɚɡɥɢɱɚɟɬɫɹ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɫɦɨɥɚ, ɫɢɧɬɟɡɢɪɨɜɚɧɧɚɹ ɜ 
ɢɧɟɪɬɧɨɣ ɚɬɦɨɫɮɟɪɟ, ɹɜɥɹɟɬɫɹ ɛɨɥɟɟ ɚɤɬɢɜɧɨɣ ɜ ɪɟɚɤɰɢɢ ɩɨɥɢɤɨɧɞɟɧɫɚɰɢɢ. Ⱦɥɹ ɩɨɞ-
ɬɜɟɪɠɞɟɧɢɹ ɩɨɥɭɱɟɧɧɵɯ ɨɩɢɫɚɧɧɵɦ ɦɟɬɨɞɨɦ ɪɟɡɭɥɶɬɚɬɨɜ ɢɡɭɱɢɥɢ ɦɨɥɟɤɭɥɹɪɧɨ-
ɦɚɫɫɨɜɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɨɛɪɚɡɰɨɜ ɫɦɨɥɵ ɫ ɩɨɦɨɳɶɸ ɦɟɬɨɞɚ ɝɟɥɶɩɪɨɧɢɤɚɸɳɟɣ ɯɪɨɦɚ-
ɬɨɝɪɚɮɢɢ. 

 
Ɍɚɛɥɢɰɚ 1 

Ɏɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɫɦɨɥɵ ɋɎ-010 

ɋɜɨɣɫɬɜɚ 
Ɂɧɚɱɟɧɢɹ ɫɜɨɣɫɬɜ ɞɥɹ ɫɦɨɥɵ ɋɎ-010, 

ɩɪɨɢɡɜɟɞɟɧɧɨɣ 
ɉȺɈ «ɍɪɚɥɯɢɦɩɥɚɫɬ» ɈɈɈ «Ɇɟɬɚɞɢɧɟɚ» 

Ⱦɢɧɚɦɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ ɪɚɫɬɜɨɪɚ ɫɦɨɥɵ, 
ɦɉɚ·ɫ 94 92 

Ɍɟɦɩɟɪɚɬɭɪɚ ɤɚɩɥɟɩɚɞɟɧɢɹ, °ɋ 103 102 
ȼɪɟɦɹ ɠɟɥɚɬɢɧɢɡɚɰɢɢ ɫɦɨɥɵ ɫ ɭɪɨɬɪɨ-
ɩɢɧɨɦ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1γ0±1 °ɋ, ɫ 245 170 

 
Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɚɧɚɥɢɡɚ ɤɪɢɜɵɯ ɦɨɥɟɤɭɥɹɪɧɨ-ɦɚɫɫɨɜɨɝɨ ɪɚɫɩɪɟɞɟɥɟ-

ɧɢɹ (ɪɢɫ. 1), ɨɛɪɚɡɰɵ ɫɦɨɥɵ ɋɎ-010 ɢɦɟɸɬ ɫɯɨɠɢɣ ɨɥɢɝɨɦɟɪɧɵɣ ɫɨɫɬɚɜ. Ɉɞɧɚɤɨ ɦɨɥɟ-
ɤɭɥɹɪɧɨ-ɦɚɫɫɨɜɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɫɦɨɥɵ ɋɎ-010, ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɣ ɜ ɢɧɟɪɬɧɨɣ ɚɬɦɨ-
ɫɮɟɪɟ, ɛɨɥɟɟ ɭɡɤɨɟ, ɱɟɦ ɜ ɫɥɭɱɚɟ ɬɟɯɧɨɥɨɝɢɢ, ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɳɟɣ ɩɪɨɜɟɞɟɧɢɟ ɩɪɨɰɟɫɫɚ 
ɜ ɚɬɦɨɫɮɟɪɧɵɯ ɭɫɥɨɜɢɹɯ. Ʉɪɨɦɟ ɬɨɝɨ, ɜ ɩɟɪɜɨɦ ɫɥɭɱɚɟ ɜ ɤɨɧɟɱɧɨɦ ɩɪɨɞɭɤɬɟ ɫɨɞɟɪɠɢɬ-
ɫɹ ɮɪɚɤɰɢɹ ɨɥɢɝɨɦɟɪɨɜ ɫ ɧɢɡɤɨɣ ɫɪɟɞɧɟɱɢɫɥɨɜɨɣ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɨɣ (Mn = 102),  
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ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɜɨ ɜɬɨɪɨɦ – ɩɪɢɫɭɬɫɬɜɭɟɬ ɮɪɚɤɰɢɹ ɦɨɥɟɤɭɥ ɫ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɵɫɨɤɨɣ 
ɞɥɢɧɨɣ ɰɟɩɢ (Mn = 104). ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɪɢɦɟɧɟɧɢɟ ɚɡɨɬɧɨɣ «ɩɨɞɭɲɤɢ» ɜ ɩɪɨɰɟɫɫɟ ɢɡ-
ɝɨɬɨɜɥɟɧɢɹ ɮɟɧɨɥɮɨɪɦɚɥɶɞɟɝɢɞɧɵɯ ɫɦɨɥ ɧɨɜɨɥɚɱɧɨɝɨ ɬɢɩɚ ɫɥɟɞɭɟɬ ɩɪɟɞɩɨɱɟɫɬɶ ɤɥɚɫ-
ɫɢɱɟɫɤɨɣ ɬɟɯɧɨɥɨɝɢɢ, ɜɜɢɞɭ ɩɨɥɭɱɟɧɢɹ ɩɪɨɞɭɤɬɚ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɟɝɨɫɹ ɨɞɧɨɪɨɞɧɵɦ 
ɦɨɥɟɤɭɥɹɪɧɨ-ɦɚɫɫɨɜɵɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ. Ⱥɧɚɥɨɝɢɱɧɵɟ ɜɵɜɨɞɵ ɦɨɠɧɨ ɫɞɟɥɚɬɶ, ɫɪɚɜɧɢɜ 
ɡɧɚɱɟɧɢɹ ɫɪɟɞɧɟɱɢɫɥɨɜɨɣ ɢ ɫɪɟɞɧɟɦɚɫɫɨɜɨɣ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɵ, ɚ ɬɚɤɠɟ ɢɧɞɟɤɫɚ  
ɩɨɥɢɞɢɫɩɟɪɫɧɨɫɬɢ (ɬɚɛɥ. β). 

 

 
 

Ɋɢɫ. 1. Ʉɪɢɜɵɟ ɦɨɥɟɤɭɥɹɪɧɨ-ɦɚɫɫɨɜɨɝɨ (ɆɆ) ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɦɨɥɵ ɋɎ-010 ɩɪɨɢɡɜɨɞɫɬɜɚ 
ɈɈɈ «Ɇɟɬɚɞɢɧɟɚ» (1) ɢ ɉȺɈ «ɍɪɚɥɯɢɦɩɥɚɫɬ» (2), ɧɨɪɦɢɪɨɜɚɧɧɨɟ ɩɨ ɨɛɳɟɣ ɩɥɨɳɚɞɢ ɨɥɢɝɨ-
ɦɟɪɧɨɣ ɮɪɚɤɰɢɢ (ɚ) ɢ ɩɨ ɜɵɫɨɬɟ ɨɫɧɨɜɧɨɝɨ ɩɢɤɚ (ɛ) 

 
Ɍɚɛɥɢɰɚ 2 

ɑɢɫɥɨɜɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɨɥɟɤɭɥɹɪɧɨ-ɦɚɫɫɨɜɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ (ɆɆɊ) ɫɦɨɥɵ ɋɎ-010 

ɉɚɪɚɦɟɬɪ ɆɆɊ 
Ɂɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɚ ɞɥɹ ɫɦɨɥɵ ɋɎ-010, 

ɩɪɨɢɡɜɟɞɟɧɧɨɣ 

ɉȺɈ «ɍɪɚɥɯɢɦɩɥɚɫɬ» ɈɈɈ «Ɇɟɬɚɞɢɧɟɚ» 

ɋɪɟɞɧɟɱɢɫɥɨɜɚɹ ɦɨɥɟɤɭɥɹɪɧɚɹ ɦɚɫɫɚ Mn 890 860 

ɋɪɟɞɧɟɦɚɫɫɨɜɚɹ ɦɨɥɟɤɭɥɹɪɧɚɹ ɦɚɫɫɚ Mw 3220 2980 

ɂɧɞɟɤɫ ɩɨɥɢɞɢɫɩɟɪɫɧɨɫɬɢ D 3,64 3,45 

 
ɇɚ ɨɫɧɨɜɟ ɤɚɠɞɨɝɨ ɢɡ ɜɵɲɟɭɤɚɡɚɧɧɵɯ ɨɛɪɚɡɰɨɜ ɮɟɧɨɥɮɨɪɦɚɥɶɞɟɝɢɞɧɨɣ ɫɦɨɥɵ 

ɧɨɜɨɥɚɱɧɨɝɨ ɬɢɩɚ ɦɚɪɤɢ ɋɎ-010 ɜ ɥɚɛɨɪɚɬɨɪɧɵɯ ɭɫɥɨɜɢɹɯ ɢɡɝɨɬɨɜɥɟɧɵ ɫɨɨɬɜɟɬɫɬɜɭɸ-
ɳɢɟ ɨɛɪɚɡɰɵ ɫɜɹɡɭɸɳɟɝɨ Ɏɇ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɚɧɚɥɢɡɚ ɨɫɧɨɜɧɵɯ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɩɨ-
ɤɚɡɚɬɟɥɟɣ, ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɜ ɧɨɪɦɚɬɢɜɧɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ (ɬɚɛɥ. γ), ɫɭɳɟɫɬɜɟɧɧɵɯ ɨɬɥɢ-
ɱɢɣ ɦɟɠɞɭ ɩɚɪɬɢɹɦɢ ɫɜɹɡɭɸɳɟɝɨ Ɏɇ ɧɚ ɨɫɧɨɜɟ ɫɦɨɥ ɋɎ-010, ɩɪɨɢɡɜɟɞɟɧɧɵɯ  
ɈɈɈ «Ɇɟɬɚɞɢɧɟɚ» (Ɏɇ-1) ɢ ɉȺɈ «ɍɪɚɥɯɢɦɩɥɚɫɬ» (Ɏɇ-β), ɧɟ ɜɵɹɜɥɟɧɨ – ɨɛɟ ɩɚɪɬɢɢ 
ɩɪɚɤɬɢɱɟɫɤɢ ɢɞɟɧɬɢɱɧɵ ɩɨ ɫɜɨɣɫɬɜɚɦ. 

 
Ɍɚɛɥɢɰɚ 3 

Ɏɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɫɜɹɡɭɸɳɟɝɨ Ɏɇ 

ɋɜɨɣɫɬɜɚ 
Ɂɧɚɱɟɧɢɹ ɫɜɨɣɫɬɜ ɞɥɹ ɫɜɹɡɭɸɳɟɝɨ ɧɚ ɨɫɧɨɜɟ ɫɦɨɥɵ  

ɋɎ-010, ɩɪɨɢɡɜɟɞɟɧɧɨɣ 

ɈɈɈ «Ɇɟɬɚɞɢɧɟɚ» ɉȺɈ «ɍɪɚɥɯɢɦɩɥɚɫɬ» 

ɉɥɨɬɧɨɫɬɶ ɩɪɢ β0 °ɋ, ɝ/ɫɦ3 1,215 1,216 

ɍɫɥɨɜɧɚɹ ɜɹɡɤɨɫɬɶ ɩɪɢ β0 °ɋ, ɫ 250 256 

Ɇɚɫɫɨɜɚɹ ɞɨɥɹ ɫɭɯɨɝɨ ɨɫɬɚɬɤɚ  
ɜ ɫɜɹɡɭɸɳɟɦ 

75 76 
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ɂɫɫɥɟɞɨɜɚɧɢɟ ɧɟɨɬɜɟɪɠɞɟɧɧɨɝɨ ɫɜɹɡɭɸɳɟɝɨ ɦɟɬɨɞɨɦ ȾɋɄ ɩɨɞɬɜɟɪɠɞɚɟɬ ɫɞɟ-
ɥɚɧɧɵɟ ɪɚɧɟɟ ɜɵɜɨɞɵ. Ʉɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫ. β, ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɱɚɥɚ ɪɟɚɤɰɢɢ, ɞɜɭɯ ɩɢɤɨɜ 
ɢ ɨɤɨɧɱɚɧɢɹ ɪɟɚɤɰɢɢ ɥɢɛɨ ɪɚɜɧɵ, ɥɢɛɨ ɨɬɥɢɱɚɸɬɫɹ ɧɟ ɛɨɥɟɟ ɱɟɦ ɧɚ 1 °ɋ. Ɍɟɩɥɨɜɵɟ  
ɷɮɮɟɤɬɵ ɪɟɚɤɰɢɢ, ɫɨɫɬɚɜɥɹɸɳɢɟ β4λ,7 ɢ βγκ,γ Ⱦɠ/ɝ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɬɚɤɠɟ ɛɥɢɡɤɢ ɩɨ 
ɡɧɚɱɟɧɢɸ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɜ ɭɫɥɨɜɢɹɯ ɞɚɧɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɚɪɬɢɢ ɫɦɨɥɵ ɨɬ ɪɚɡɥɢɱ-
ɧɵɯ ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ ɜ ɰɟɥɨɦ ɧɟ ɜɥɢɹɸɬ ɧɚ ɪɟɚɤɰɢɨɧɧɵɟ ɩɪɨɰɟɫɫɵ, ɩɪɨɢɫɯɨɞɹɳɢɟ ɩɪɢ 
ɨɬɜɟɪɠɞɟɧɢɢ ɫɜɹɡɭɸɳɟɝɨ Ɏɇ. 
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Ɋɢɫ. β. Ʉɪɢɜɵɟ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɫɤɚɧɢɪɭɸɳɟɣ ɤɚɥɨɪɢɦɟɬɪɢɢ ɧɟɨɬɜɟɪɠɞɟɧɧɨɝɨ  

ɫɜɹɡɭɸɳɟɝɨ Ɏɇ, ɢɡɝɨɬɨɜɥɟɧɧɨɝɨ ɧɚ ɨɫɧɨɜɟ ɫɦɨɥɵ ɋɎ-010 ɩɪɨɢɡɜɨɞɫɬɜɚ ɈɈɈ «Ɇɟɬɚɞɢɧɟɚ» (1) 
ɢ ɉȺɈ «ɍɪɚɥɯɢɦɩɥɚɫɬ» (2) 

 
ɇɚ ɨɫɧɨɜɟ ɞɚɧɧɵɯ, ɩɨɥɭɱɟɧɧɵɯ ɞɥɹ ɩɚɪɬɢɣ ɫɦɨɥɵ ɋɎ-010 ɢ ɫɜɹɡɭɸɳɟɝɨ Ɏɇ, 

ɩɪɨɜɟɞɟɧ ɩɨɞɛɨɪ ɨɩɬɢɦɚɥɶɧɨɝɨ ɪɟɠɢɦɚ ɨɬɜɟɪɠɞɟɧɢɹ. ɋɬɟɩɟɧɶ ɡɚɜɟɪɲɟɧɢɹ ɩɪɨɰɟɫɫɚ 
ɨɩɪɟɞɟɥɹɥɢ ɦɟɬɨɞɨɦ ȾɋɄ ɩɨ ɜɟɥɢɱɢɧɟ ɬɟɩɥɨɜɨɝɨ ɷɮɮɟɤɬɚ, ɧɚɛɥɸɞɚɟɦɨɝɨ ɩɪɢ ɢɫɩɵɬɚ-
ɧɢɹɯ, ɩɪɨɜɨɞɢɦɵɯ ɧɚ ɨɛɪɚɡɰɚɯ ɨɬɜɟɪɠɞɟɧɧɨɝɨ ɫɜɹɡɭɸɳɟɝɨ. Ɉɩɪɟɞɟɥɟɧɢɟ ɩɨɬɟɪɢ ɦɚɫɫɵ 
ɩɪɢ ɨɬɜɟɪɠɞɟɧɢɢ ɩɪɨɜɨɞɢɥɢ, ɜɡɜɟɲɢɜɚɹ ɨɛɪɚɡɟɰ ɫɜɹɡɭɸɳɟɝɨ ɞɨ ɢ ɩɨɫɥɟ ɨɤɨɧɱɚɧɢɹ 
ɩɪɨɰɟɫɫɚ. ȼ ɬɚɛɥ. 4 ɩɪɟɞɫɬɚɜɥɟɧɵ ɢɫɩɨɥɶɡɨɜɚɧɧɵɟ ɪɟɠɢɦɵ ɨɬɜɟɪɠɞɟɧɢɹ ɢ ɡɧɚɱɟɧɢɹ ɩɨ-
ɬɟɪɢ ɦɚɫɫɵ ɢɫɩɵɬɚɧɧɵɯ ɨɛɪɚɡɰɨɜ. 

 
Ɍɚɛɥɢɰɚ 4 

Ɋɟɠɢɦɵ ɨɬɜɟɪɠɞɟɧɢɹ ɫɜɹɡɭɸɳɟɝɨ Ɏɇ  
ɢ ɩɨɬɟɪɢ ɦɚɫɫɵ ɩɪɢ ɨɬɜɟɪɠɞɟɧɢɢ ɨɛɪɚɡɰɨɜ Ɏɇ-1 ɢ Ɏɇ-2 

Ɍɟɦɩɟɪɚɬɭɪɧɨ-ɜɪɟɦɟɧɧɵ ɟ ɭɫɥɨɜɢɹ ɨɬɜɟɪɠɞɟɧɢɹ ɨɛɪɚɡɰɨɜ 
ɉɨɬɟɪɢ ɦɚɫɫɵ, %,  

ɞɥɹ ɨɛɪɚɡɰɚ 
Ɏɇ-1 Ɏɇ-2 

ɉɪɢ 50 °ɋ, 1 ɱ + 75 °ɋ, 1 ɱ + 100 °ɋ, 1 ɱ + 160 °ɋ, β ɱ 29,3 28,8 
ɉɪɢ 100 °ɋ, β ɱ + 160 °ɋ, β ɱ 30,8 25,9 
ɉɪɢ 160 °ɋ, β ɱ + β50 °ɋ, β ɱ 30,6 30,5 
ɉɪɢ 1γ5 °ɋ, β ɱ + 160 °ɋ, β ɱ + β50 °ɋ, β ɱ 28,5 25,7 
ɉɪɢ 160 °ɋ, β ɱ + β00 °ɋ, β ɱ + β50 °ɋ, β ɱ 29,7 27,6 
ɉɪɢ 100 °ɋ, 0,5 ɱ + 1γ5 °ɋ, 0,5 ɱ + 150 °ɋ, 0,5 ɱ + 160 °ɋ, β ɱ +   
+ 250 °ɋ, β ɱ 

26,7 26,8 

ɉɪɢ 1γ5 °ɋ, β ɱ + 160 °ɋ, β ɱ + β00 °ɋ, β ɱ + β50 °ɋ, β ɱ 28,8 24,0 

ɉɪɢ 1γ5 °ɋ, β ɱ + 160 °ɋ, β ɱ + β50 °ɋ, β ɱ + γ00 °ɋ, β ɱ 26,9 29,5 

 
ȼ ɪɚɛɨɬɟ Д16Ж ɦɟɬɨɞ ɢɧɮɪɚɤɪɚɫɧɨɣ ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɩɨɡɜɨɥɢɥ ɨɩɪɟɞɟɥɢɬɶ ɨɫɧɨɜ-

ɧɵɟ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɝɪɭɩɩɵ, ɨɛɪɚɡɭɸɳɢɟɫɹ ɢ ɭɱɚɫɬɜɭɸɳɢɟ ɜ ɩɪɨɰɟɫɫɟ ɨɬɜɟɪɠɞɟɧɢɹ. 
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ȼ ɫɩɟɤɬɪɟ ɫɜɹɡɭɸɳɟɝɨ Ɏɇ ɩɪɨɹɜɥɹɸɬɫɹ ɤɨɥɟɛɚɧɢɹ ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɵ. ɉɨɥɨɫɚ ɩɪɢ 
ɞɥɢɧɟ ɜɨɥɧɵ 16κ1 ɫɦ–1, ɩɪɢɫɭɬɫɬɜɭɸɳɚɹ ɜ ɫɩɟɤɬɪɟ ɮɭɪɮɭɪɨɥɚ, ɜ ɫɩɟɤɬɪɟ ɫɜɹɡɭɸɳɟɝɨ 
Ɏɇ ɪɚɫɳɟɩɥɹɟɬɫɹ ɧɚ ɞɜɟ, ɱɬɨ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɯɢɦɢɱɟɫɤɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɮɭɪɮɭɪɨɥɚ ɫ 
ɝɢɞɪɨɤɫɢɥɶɧɵɦɢ ɝɪɭɩɩɚɦɢ ɮɟɧɨɥɶɧɵɯ ɹɞɟɪ ɢ ɚɦɢɞɧɵɦɢ ɝɪɭɩɩɚɦɢ ɭɪɨɬɪɨɩɢɧɚ. ȼ ɫɩɟɤ-
ɬɪɟ ɨɬɜɟɪɠɞɟɧɧɨɝɨ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 160 °ɋ ɜ ɬɟɱɟɧɢɟ β ɱ ɫɜɹɡɭɸɳɟɝɨ Ɏɇ ɢɡɦɟɧɟɧɢɹ 
ɪɚɫɩɨɥɨɠɟɧɢɹ ɩɨɥɨɫ ɨɬɧɨɫɹɬ ɤ ɢɡɦɟɧɟɧɢɹɦ, ɫɜɹɡɚɧɧɵɦ ɫ ɢɫɩɚɪɟɧɢɟɦ ɪɚɫɬɜɨɪɢɬɟɥɹ ɢ 
ɫɬɪɭɤɬɭɪɢɪɨɜɚɧɢɟɦ ɤɨɦɩɨɡɢɰɢɢ. ɇɚɪɹɞɭ ɫ ɨɠɢɞɚɟɦɵɦɢ ɩɨɥɨɫɚɦɢ, ɯɚɪɚɤɬɟɪɧɵɦɢ ɞɥɹ 
ɚɥɢɮɚɬɢɱɟɫɤɢɯ ɢ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɋ–ɇ-ɫɜɹɡɟɣ, ɧɚ ɫɩɟɤɬɪɚɯ ɱɟɬɤɨ ɜɢɞɧɵ ɩɨɥɨɫɵ ɜɚɥɟɧɬ-
ɧɵɯ ɤɨɥɟɛɚɧɢɣ ɋ–ɇ-ɫɜɹɡɟɣ ɮɭɪɚɧɨɜɨɝɨ ɰɢɤɥɚ. Ⱥɧɚɥɢɡ ɫɩɟɤɬɪɨɜ ɫɜɹɡɭɸɳɟɝɨ Ɏɇ ɩɨɤɚ-
ɡɚɥ, ɱɬɨ ɩɪɢ ɬɟɪɦɢɱɟɫɤɨɦ ɫɬɪɭɤɬɭɪɢɪɨɜɚɧɢɢ ɫɜɹɡɭɸɳɟɝɨ ɫɨɡɞɚɸɬɫɹ ɭɫɥɨɜɢɹ ɞɥɹ ɨɞɧɨ-
ɜɪɟɦɟɧɧɨɝɨ ɮɨɪɦɢɪɨɜɚɧɢɹ ɮɭɪɮɭɪɨɥɶɧɵɯ, ɮɟɧɨɥɮɭɪɮɭɪɨɥɶɧɵɯ ɢ ɮɟɧɨɥɮɨɪɦɚɥɶɞɟ-
ɝɢɞɧɵɯ ɩɨɥɢɦɟɪɨɜ.  

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɞɚɧɧɵɯ ɬɚɛɥ. 4, ɞɥɹ ɜɫɟɯ ɪɟɠɢɦɨɜ ɨɬɜɟɪɠɞɟɧɢɹ ɩɨɬɟɪɢ ɦɚɫɫɵ ɫɜɹ-
ɡɭɸɳɟɝɨ Ɏɇ ɫɨɫɬɚɜɥɹɸɬ ɜ ɫɪɟɞɧɟɦ β5–31 % ɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ ɢɫɩɚɪɟ-
ɧɢɟɦ ɧɟ ɫɜɹɡɚɧɧɨɝɨ ɜ ɯɨɞɟ ɪɟɚɤɰɢɢ ɜ ɬɪɟɯɦɟɪɧɭɸ ɩɨɥɢɦɟɪɧɭɸ ɫɟɬɤɭ ɮɭɪɮɭɪɨɥɚ, ɚ ɬɚɤ-
ɠɟ ɜɵɞɟɥɟɧɢɟɦ ɥɟɬɭɱɢɯ ɩɪɨɞɭɤɬɨɜ, ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɢɫɯɨɞɧɨɣ ɮɟɧɨɥɮɨɪɦɚɥɶɞɟɝɢɞɧɨɣ 
ɫɦɨɥɟ, ɢ ɢɫɩɚɪɟɧɢɟɦ ɜɨɞɵ, ɨɛɪɚɡɨɜɚɜɲɟɣɫɹ ɜ ɯɨɞɟ ɪɟɚɤɰɢɢ ɩɨɥɢɤɨɧɞɟɧɫɚɰɢɢ. ɇɚ ɨɫɧɨ-
ɜɚɧɢɢ ɩɪɢɜɟɞɟɧɧɵɯ ɜ ɬɚɛɥ. 4 ɞɚɧɧɵɯ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɧɢɡɤɢɯ 
ɬɟɦɩɟɪɚɬɭɪ (<100 °ɋ) ɧɟ ɩɨɡɜɨɥɹɟɬ ɫɧɢɡɢɬɶ ɩɨɬɟɪɢ ɦɚɫɫɵ ɡɚ ɫɱɟɬ ɩɨɥɢɤɨɧɞɟɧɫɚɰɢɢ 
ɮɭɪɮɭɪɨɥɚ ɜɜɢɞɭ ɧɢɡɤɨɣ ɫɤɨɪɨɫɬɢ ɷɬɨɝɨ ɩɪɨɰɟɫɫɚ. ɉɪɢɦɟɧɟɧɢɟ ɩɨɜɵɲɟɧɧɵɯ ɬɟɦɩɟɪɚ-
ɬɭɪ ɞɥɹ ɞɨɨɬɜɟɪɠɞɟɧɢɹ ɤɨɦɩɨɡɢɰɢɢ ɬɚɤɠɟ ɧɟ ɫɤɚɡɵɜɚɟɬɫɹ ɧɚ ɜɟɥɢɱɢɧɟ ɩɨɬɟɪɢ ɦɚɫɫɵ.  

Ⱥɧɚɥɨɝɢɱɧɵɣ ɜɵɜɨɞ ɫɞɟɥɚɧ ɜ ɪɚɛɨɬɟ Д17Ж, ɜ ɤɨɬɨɪɨɣ ɪɚɫɫɦɨɬɪɟɧ ɩɪɨɰɟɫɫ ɨɬɜɟɪ-
ɠɞɟɧɢɹ ɫɜɹɡɭɸɳɟɝɨ Ɏɇ ɩɪɢ ɞɥɢɬɟɥɶɧɨɣ ɜɵɞɟɪɠɤɟ ɜ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ ɨɬ κ0 ɞɨ 
1600 °ɋ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɨɬɜɟɪɠɞɟɧɢɟ ɮɟɧɨɥɮɨɪɦɚɥɶɞɟɝɢɞɧɨɣ ɫɦɨɥɵ ɜ ɮɭɪɮɭɪɨɥɟ ɩɪɨ-
ɢɫɯɨɞɢɬ ɧɟɩɪɟɪɵɜɧɨ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɞɨ 150 °ɋ, ɩɪɢ ɷɬɨɦ ɧɚɢɛɨɥɶɲɢɟ ɩɨɬɟɪɢ ɦɚɫɫɵ 
ɧɚɛɥɸɞɚɸɬɫɹ ɞɨ 100 °ɋ (β7 %). ɋɞɟɥɚɧ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɜ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ  
95–120 °ɋ ɩɪɨɢɫɯɨɞɢɬ ɦɚɤɫɢɦɚɥɶɧɨɟ ɭɞɚɥɟɧɢɟ ɫɜɨɛɨɞɧɵɯ ɮɭɪɮɭɪɨɥɚ ɢ ɮɟɧɨɥɚ, ɤɨɬɨ-
ɪɵɟ ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɥɧɨɫɬɶɸ ɨɬɫɭɬɫɬɜɭɸɬ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 150–200 °ɋ. ȼ ɷɬɨɦ ɠɟ ɢɧ-
ɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ (160–180 °ɋ) ɩɪɨɢɫɯɨɞɢɬ ɨɬɜɟɪɠɞɟɧɢɟ ɫɜɹɡɭɸɳɟɝɨ Ɏɇ.  

Ʉɪɨɦɟ ɬɨɝɨ, ɜ ɪɚɛɨɬɟ Д17Ж ɩɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɡɚɜɢɫɢɦɨɫɬɢ ɤɨɧɰɟɧɬɪɚɰɢɢ 
ɩɚɪɚɦɚɝɧɢɬɧɵɯ ɰɟɧɬɪɨɜ ɩɪɢ ɨɬɜɟɪɠɞɟɧɢɢ ɫɜɹɡɭɸɳɟɝɨ Ɏɇ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ. ɉɨɤɚɡɚɧɨ, 
ɱɬɨ ɜ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ 100–150 °ɋ ɢɯ ɤɨɧɰɟɧɬɪɚɰɢɹ ɪɚɫɬɟɬ ɢ ɨɫɬɚɟɬɫɹ ɩɨɫɬɨɹɧɧɨɣ 
ɞɨ ɡɚɜɟɪɲɟɧɢɹ ɨɛɪɚɡɨɜɚɧɢɹ ɫɟɬɱɚɬɨɣ ɫɬɪɭɤɬɭɪɵ ɩɨɥɢɦɟɪɚ. ɉɪɨɰɟɫɫ ɨɬɜɟɪɠɞɟɧɢɹ ɫɨ-
ɩɪɨɜɨɠɞɚɟɬɫɹ ɨɞɧɨɜɪɟɦɟɧɧɵɦ ɨɛɪɚɡɨɜɚɧɢɟɦ ɪɚɡɥɢɱɧɵɯ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɫɬɪɭɤɬɭɪ ɢ 
ɪɚɡɨɪɜɚɧɧɵɯ ɩɨɩɟɪɟɱɧɵɯ ɫɜɹɡɟɣ. ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɨɥɭɱɟɧɧɵɯ ɢɧɮɪɚɤɪɚɫɧɵɯ ɫɩɟɤɬɪɨɜ 
ɫɞɟɥɚɧ ɜɵɜɨɞ, ɱɬɨ ɩɨɹɜɥɟɧɢɟ ɫɜɨɛɨɞɧɨɣ ɜɨɞɵ ɩɪɢ ɨɬɜɟɪɠɞɟɧɢɢ ɫɜɹɡɚɧɨ ɝɥɚɜɧɵɦ ɨɛɪɚ-
ɡɨɦ ɫ ɩɪɨɢɫɯɨɞɹɳɟɣ ɩɨɥɢɤɨɧɞɟɧɫɚɰɢɟɣ ɮɟɧɨɥɮɨɪɦɚɥɶɞɟɝɢɞɧɨɣ ɫɦɨɥɵ ɩɨɫɪɟɞɫɬɜɨɦ 
ɦɟɬɢɥɟɧɨɜɵɯ ɦɨɫɬɢɤɨɜ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɬɪɟɯɦɟɪɧɨɣ ɫɟɬɱɚɬɨɣ ɫɬɪɭɤɬɭɪɵ, ɫɨɩɪɨɜɨɠɞɚ-
ɸɳɟɣɫɹ ɞɟɝɢɞɪɚɬɚɰɢɟɣ ɩɪɨɞɭɤɬɚ. ɋɥɟɞɭɸɳɢɣ ɷɬɚɩ ɩɨɜɵɲɟɧɢɹ ɡɧɚɱɟɧɢɣ ɤɨɧɰɟɧɬɪɚɰɢɢ 
ɩɚɪɚɦɚɝɧɢɬɧɵɯ ɰɟɧɬɪɨɜ ɩɪɟɞɩɨɥɚɝɚɟɬ ɧɚɱɚɥɨ ɫɥɟɞɭɸɳɟɣ ɫɬɚɞɢɢ ɩɪɨɰɟɫɫɚ – ɩɢɪɨɥɢɡɚ. 
Ɉɫɧɨɜɧɵɟ ɢɡɦɟɧɟɧɢɹ ɜ ɫɨɫɬɚɜɟ ɩɪɨɢɫɯɨɞɹɬ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ >γ00 °ɋ, ɤɨɝɞɚ ɫ ɨɛɪɚɡɨɜɚ-
ɧɢɟɦ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɩɨɹɜɥɹɸɬɫɹ ɫɨɩɪɹɠɟɧɧɵɟ ɫɜɹɡɢ, ɫɧɢɠɚɸɳɢɟ ɜɨɡɦɨɠ-
ɧɨɫɬɶ ɪɚɡɪɵɜɚ ɩɨɥɢɦɟɪɧɵɯ ɰɟɩɟɣ. ɉɨɫɥɟ ɧɚɝɪɟɜɚ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ β70 °ɋ ɧɚ ɢɧɮɪɚɤɪɚɫ-
ɧɵɯ ɫɩɟɤɬɪɚɯ ɢɫɱɟɡɚɸɬ ɩɨɥɨɫɵ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟ ɤɨɥɟɛɚɧɢɹ ɮɭɪɚɧɨɜɨɝɨ ɤɨɥɶɰɚ. ɉɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ  >γ00 °ɋ ɫɨɯɪɚɧɹɸɬɫɹ ɥɢɲɶ ɩɨɥɨɫɵ, ɫɜɹɡɚɧɧɵɟ ɫ ɤɨɥɟɛɚɧɢɹɦɢ ɚɪɨɦɚɬɢɱɟ-
ɫɤɨɝɨ ɤɨɥɶɰɚ, ɚ ɬɚɤɠɟ ɤɢɫɥɨɪɨɞɧɵɯ ɝɪɭɩɩɢɪɨɜɨɤ. ɉɪɟɞɩɨɥɨɠɢɬɟɥɶɧɨ, ɧɚ ɞɚɧɧɨɦ ɷɬɚɩɟ 
ɩɪɨɢɫɯɨɞɢɬ ɞɟɝɢɞɪɚɬɚɰɢɹ ɬɪɟɯɦɟɪɧɨɣ ɩɨɥɢɦɟɪɧɨɣ ɫɟɬɤɢ, ɨɛɭɫɥɨɜɥɟɧɧɚɹ ɜɡɚɢɦɨɞɟɣ-
ɫɬɜɢɟɦ ɝɢɞɪɨɤɫɢɥɶɧɵɯ ɦɟɬɢɥɟɧɨɜɵɯ ɝɪɭɩɩ, ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɡɚɦɤɧɭɬɵɯ ɰɢɤɥɨɜ. 
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ɉɨɥɢɦɟɬɢɥɟɧɮɟɧɨɥɵ, ɹɜɥɹɸɳɢɟɫɹ ɤɨɧɟɱɧɵɦ ɩɪɨɞɭɤɬɨɦ ɩɪɨɰɟɫɫɚ ɨɬɜɟɪɠɞɟɧɢɹ, 
ɨɬɧɨɫɹɬɫɹ ɤ ɱɢɫɥɭ ɧɚɢɛɨɥɟɟ ɬɟɪɦɨɫɬɨɣɤɢɯ ɩɨɥɢɦɟɪɨɜ. ɉɪɢ ɞɥɢɬɟɥɶɧɨɦ ɧɚɝɪɟɜɚɧɢɢ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɚɯ ɛɨɥɟɟ β50–300 °ɋ ɩɪɨɢɫɯɨɞɢɬ ɡɧɚɱɢɬɟɥɶɧɨɟ ɢɡɦɟɧɟɧɢɟ ɢɯ ɫɨɫɬɚɜɚ. Ɍɟɪ-
ɦɢɱɟɫɤɚɹ ɞɟɫɬɪɭɤɰɢɹ ɮɟɧɨɥɮɨɪɦɚɥɶɞɟɝɢɞɧɵɯ ɫɦɨɥ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɜɵɞɟɥɟɧɢɟɦ ɪɚɡ-
ɥɢɱɧɵɯ ɝɚɡɨɨɛɪɚɡɧɵɯ ɩɪɨɞɭɤɬɨɜ (ɜɨɞɨɪɨɞɚ, ɜɨɞɵ, ɨɤɫɢɞɚ ɢ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ, ɦɟɬɚɧɚ 
ɢ ɬ. ɞ.) ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɤɨɤɫɨɜɨɝɨ ɨɫɬɚɬɤɚ. ɑɟɦ ɛɨɥɶɲɟ ɩɥɨɬɧɨɫɬɶ ɩɨɥɢɦɟɪɧɨɣ ɫɟɬɤɢ, 
ɬɟɦ ɛɨɥɶɲɟ ɨɛɪɚɡɭɟɬɫɹ ɤɨɤɫɨɜɨɝɨ ɨɫɬɚɬɤɚ ɢ ɩɨɜɵɲɚɟɬɫɹ ɩɪɨɱɧɨɫɬɶ ɦɚɬɟɪɢɚɥɚ. 

ɉɪɢ ɚɧɚɥɢɡɟ ɦɟɬɨɞɨɦ ɢɧɮɪɚɤɪɚɫɧɨɣ ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɫɨɫɬɚɜɚ ɝɚɡɨɜ, ɭɞɚɥɟɧɧɵɯ ɜ 
ɩɪɨɰɟɫɫɟ ɩɢɪɨɥɢɡɚ ɢɡ ɨɛɪɚɡɰɨɜ Ɏɇ-1 ɢ Ɏɇ-β, ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɨɧɢ ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ 
ɫɨɫɬɨɹɬ ɢɡ ɚɦɦɢɚɤɚ, ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ ɢ ɦɟɬɚɧɚ (ɪɢɫ. γ). 

 

 
Ɋɢɫ. γ. ɂɧɮɪɚɤɪɚɫɧɵɣ ɫɩɟɤɬɪ ɝɚɡɨɜɨɣ ɮɚɡɵ ɩɪɢ ɦɚɤɫɢɦɭɦɟ ɝɚɡɨɜɵɞɟɥɟɧɢɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 

ɩɢɪɨɥɢɡɚ 456 ɋ ɞɥɹ ɨɛɪɚɡɰɚ ɨɬɜɟɪɠɞɟɧɧɨɝɨ ɫɜɹɡɭɸɳɟɝɨ Ɏɇ-β ɢ ɫɩɟɤɬɪɵ ɚɦɦɢɚɤɚ, ɦɟɬɚɧɚ  
ɢ ɭɝɥɟɤɢɫɥɨɝɨ ɝɚɡɚ 

 
ɉɪɢ ɢɡɭɱɟɧɢɢ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ ɥɢɬɟɪɚɬɭɪɵ Д1κЖ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɬɟɦɩɟɪɚ-

ɬɭɪɧɚɹ ɞɟɝɪɚɞɚɰɢɹ ɩɨɥɢɦɟɪɧɨɣ ɬɪɟɯɦɟɪɧɨɣ ɫɟɬɱɚɬɨɣ ɫɬɪɭɤɬɭɪɵ ɩɪɨɬɟɤɚɟɬ ɜ ɬɪɢ ɫɬɚɞɢɢ. 
ɇɚ ɩɟɪɜɨɣ ɫɬɚɞɢɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 1β0–350 °ɋ ɩɪɨɢɫɯɨɞɢɬ, ɜ ɱɚɫɬɧɨɫɬɢ, ɪɚɡɪɵɜ  
C–N-ɫɜɹɡɟɣ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɚɦɦɢɚɤɚ. ȼɬɨɪɚɹ ɫɬɚɞɢɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ γ50–600 °ɋ  
ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɪɚɡɪɭɲɟɧɢɟɦ ɦɟɬɢɥɟɧɨɜɵɯ ɦɨɫɬɢɤɨɜ ɢ ɤɚɪɛɨɧɢɥɶɧɵɯ ɝɪɭɩɩ ɫ ɜɵɞɟɥɟ-
ɧɢɟɦ ɦɟɬɚɧɚ ɢ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ. Ɍɪɟɬɶɹ ɫɬɚɞɢɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ >600 °ɋ – ɤɨɤɫɨɨɛ-
ɪɚɡɨɜɚɧɢɟ; ɜ ɱɢɫɥɟ ɨɫɧɨɜɧɵɯ ɝɚɡɨɨɛɪɚɡɧɵɯ ɩɪɨɞɭɤɬɨɜ ɫɨɩɪɨɜɨɠɞɚɸɳɢɯ ɟɟ ɪɟɚɤɰɢɣ ɫɨ-
ɞɟɪɠɢɬ ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ ɞɢɨɤɫɢɞ ɭɝɥɟɪɨɞɚ. Ʉɪɨɦɟ ɬɨɝɨ, ɧɚ ɜɬɨɪɨɣ ɢ ɬɪɟɬɶɟɣ ɫɬɚɞɢɹɯ 
ɬɚɤɠɟ ɜɨɡɦɨɠɧɨ ɜɵɞɟɥɟɧɢɟ ɜɨɞɵ ɢ ɦɨɧɨɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ, ɤɨɬɨɪɵɣ ɧɚ ɜɨɡɞɭɯɟ ɨɤɢɫɥɹɟɬ-
ɫɹ ɞɨ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ.  

Ʉɚɤ ɢɡɜɟɫɬɧɨ, ɬɟɪɦɨɞɟɫɬɪɭɤɰɢɹ ɮɟɧɨɥɮɨɪɦɚɥɶɞɟɝɢɞɧɵɯ ɫɦɨɥ ɧɚɱɢɧɚɟɬɫɹ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɚɯ >β00 °ɋ, ɩɨɷɬɨɦɭ, ɩɪɟɞɩɨɥɨɠɢɬɟɥɶɧɨ, ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ >γ00 °ɋ ɨɫɧɨɜ-
ɧɵɟ ɢɡɦɟɧɟɧɢɹ ɜ ɫɨɫɬɚɜɟ ɫɜɹɡɚɧɵ ɤɚɤ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ, ɬɚɤ ɢ 
ɫ ɩɨɹɜɥɟɧɢɟɦ ɫɨɩɪɹɠɟɧɧɵɯ ɫɜɹɡɟɣ ɜ ɩɪɨɞɭɤɬɚɯ ɬɟɪɦɨɞɟɫɬɪɭɤɰɢɢ, ɫɧɢɠɚɸɳɢɯ ɜɨɡɦɨɠ-
ɧɨɫɬɶ ɪɚɡɪɵɜɚ ɩɨɥɢɦɟɪɧɵɯ ɰɟɩɟɣ.  

ɇɚ ɨɫɧɨɜɚɧɢɢ ɞɚɧɧɵɯ ɪɹɞɚ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɢɯ ɥɢɬɟɪɚɬɭɪɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɨɛɪɚ-
ɡɨɜɚɧɢɟ ɜɨɞɵ ɩɪɢ ɩɢɪɨɥɢɡɟ ɨɬɜɟɪɠɞɟɧɧɵɯ ɨɛɪɚɡɰɨɜ ɢɡ ɫɜɹɡɭɸɳɟɝɨ ɦɚɪɤɢ Ɏɇ, ɤɨɬɨɪɨɟ 
ɢɡɝɨɬɚɜɥɢɜɚɸɬ ɢɡ ɮɟɧɨɥɮɨɪɦɚɥɶɞɟɝɢɞɧɨɣ ɫɦɨɥɵ ɧɨɜɨɥɚɱɧɨɝɨ ɬɢɩɚ ɢ ɭɪɨɬɪɨɩɢɧɚ, ɢɫ-
ɩɨɥɶɡɭɟɦɨɝɨ ɜ ɤɚɱɟɫɬɜɟ ɨɬɜɟɪɞɢɬɟɥɹ, ɬɚɤɠɟ ɦɨɠɧɨ ɨɛɴɹɫɧɢɬɶ ɩɪɨɬɟɤɚɧɢɟɦ ɧɟɫɤɨɥɶɤɢɯ 
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ɯɢɦɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ, ɤɨɬɨɪɵɟ ɩɨɞɬɜɟɪɠɞɚɸɬɫɹ ɦɟɬɨɞɚɦɢ ɢɧɮɪɚɤɪɚɫɧɨɣ ɢ ɦɚɫɫ-
ɫɩɟɤɬɪɨɫɤɨɩɢɢ: 

– ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ ɦɟɠɞɭ ɝɢɞɪɨɤɫɢɥɶɧɵɦɢ ɝɪɭɩɩɚɦɢ ɮɟɧɨɥɶɧɵɯ ɹɞɟɪ ɤɚɤ ɫɨɫɟɞ-
ɧɢɯ ɰɟɩɟɣ (ɫ ɩɨɹɜɥɟɧɢɟɦ ɞɢɮɟɧɢɥɷɮɢɪɧɵɯ ɫɜɹɡɟɣ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ γ00 °ɋ ɢ ɛɨɥɟɟ), 
ɬɚɤ ɢ ɞɜɭɯ ɫɨɫɟɞɧɢɯ ɦɨɥɟɤɭɥ ɮɟɧɨɥɚ, ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɰɢɤɥɢɱɟɫɤɢɯ ɫɬɪɭɤɬɭɪ ɩɢɪɚɧɨ-
ɜɨɝɨ ɬɢɩɚ; 

– ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ ɝɢɞɪɨɤɫɢɥɶɧɵɯ ɝɪɭɩɩ ɮɟɧɨɥɶɧɵɯ ɹɞɟɪ ɫ ɦɟɬɢɥɟɧɨɜɵɦɢ ɝɪɭɩɩɚ-
ɦɢ, ɫɨɟɞɢɧɹɸɳɢɦɢ ɮɟɧɨɥɶɧɵɟ ɮɪɚɝɦɟɧɬɵ ɰɟɩɟɣ, ɩɪɨɬɟɤɚɸɳɢɦ ɜ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɢɧ-
ɬɟɪɜɚɥɟ γ00–500 °ɋ ɢ ɩɪɢɜɨɞɹɳɢɦ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɫɬɪɭɤɬɭɪ ɬɢɩɚ ɬɪɢɮɟɧɢɥɦɟɬɚɧɚ, ɫɨ-
ɞɟɪɠɚɳɢɯ ɬɪɟɬɢɱɧɵɣ ɚɬɨɦ ɭɝɥɟɪɨɞɚ, ɫɜɹɡɚɧɧɵɣ ɫ ɬɪɟɦɹ ɦɨɥɟɤɭɥɚɦɢ ɮɟɧɨɥɚ; 

– ɚɜɬɨɨɤɢɫɥɟɧɢɟɦ ɩɨ ɪɚɞɢɤɚɥɶɧɨɦɭ ɦɟɯɚɧɢɡɦɭ ɫ ɪɚɫɩɚɞɨɦ ɧɚ Ɉɇ-ɪɚɞɢɤɚɥɵ ɢ ɜɨɞɭ, 
ɤɨɬɨɪɵɟ ɩɪɨɞɨɥɠɚɸɬ ɰɟɩɧɭɸ ɪɟɚɤɰɢɸ, ɢɦɟɸɳɭɸ ɦɟɫɬɨ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 500 °ɋ ɞɚɠɟ ɜ 
ɢɧɟɪɬɧɨɣ ɚɬɦɨɫɮɟɪɟ; 

– ɫɥɨɠɧɵɦɢ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɦɢ ɩɪɨɰɟɫɫɚɦɢ, ɜɤɥɸɱɚɸɳɢɦɢ ɜɨɞɭ ɜ ɫɨɫɬɚɜ ɧɢɡ-
ɤɨɦɨɥɟɤɭɥɹɪɧɵɯ ɩɪɨɞɭɤɬɨɜ ɢ ɫɨɩɪɨɜɨɠɞɚɸɳɢɦɢ ɛɨɥɟɟ ɝɥɭɛɨɤɨɟ ɨɤɢɫɥɟɧɢɟ (ɩɨ ɧɟ-
ɫɤɨɥɶɤɢɦ ɜɨɡɦɨɠɧɵɦ ɦɟɯɚɧɢɡɦɚɦ), ɞɚɥɶɧɟɣɲɭɸ ɫɲɢɜɤɭ ɢ ɫɬɪɭɤɬɭɪɢɪɨɜɚɧɢɟ ɩɨɥɢɦɟɪ-
ɧɨɣ ɰɟɩɢ ɫ ɮɨɪɦɢɪɨɜɚɧɢɟɦ ɩɨɥɢɚɪɨɦɚɬɢɱɟɫɤɢɯ ɞɨɦɟɧɨɜ. 

 
Ɂɚɤɥɸɱɟɧɢɹ 

ɉɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɨɫɧɨɜɧɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɫɜɹɡɭɸɳɟɝɨ ɦɚɪɤɢ Ɏɇ, 
ɜɵɩɭɫɤɚɟɦɨɝɨ ɇɂɐ «Ʉɭɪɱɚɬɨɜɫɤɢɣ ɢɧɫɬɢɬɭɬ» ‒ ȼɂȺɆ. Ɋɚɫɫɦɨɬɪɟɧɨ ɜɥɢɹɧɢɟ ɮɢɡɢɤɨ-
ɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɮɟɧɨɥɮɨɪɦɚɥɶɞɟɝɢɞɧɵɯ ɫɦɨɥ ɧɨɜɨɥɚɱɧɨɝɨ ɬɢɩɚ ɦɚɪɤɢ ɋɎ-010 
ɪɚɡɥɢɱɧɵɯ ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ ɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɜɹɡɭɸɳɟɝɨ Ɏɇ ɫɨɝɥɚɫɧɨ ɬɟɯɧɢɱɟɫɤɨɣ 
ɞɨɤɭɦɟɧɬɚɰɢɢ. ɇɚ ɨɫɧɨɜɟ ɫɪɚɜɧɢɬɟɥɶɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɭɫɬɚɧɨɜɥɟɧɵ ɧɚɥɢɱɢɟ, ɯɚɪɚɤ-
ɬɟɪ ɢ ɫɬɟɩɟɧɶ ɜɡɚɢɦɨɫɜɹɡɢ ɦɟɠɞɭ ɩɨɤɚɡɚɬɟɥɹɦɢ ɢɫɯɨɞɧɨɣ ɫɦɨɥɵ ɢ ɮɢɡɢɤɨ-
ɯɢɦɢɱɟɫɤɢɦɢ ɢ ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ ɫɜɹɡɭɸɳɟɝɨ Ɏɇ.  

ɉɪɢ ɚɧɚɥɢɡɟ ɩɨɥɭɱɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɜɵɩɨɥɧɟɧ ɩɨɞɛɨɪ ɨɩɬɢ-
ɦɚɥɶɧɨɝɨ ɪɟɠɢɦɚ ɨɬɜɟɪɠɞɟɧɢɹ ɞɥɹ ɫɧɢɠɟɧɢɹ ɩɨɬɟɪɢ ɦɚɫɫɵ ɨɬɜɟɪɠɞɟɧɧɨɝɨ ɫɜɹɡɭɸɳɟɝɨ 
ɧɚ ɨɫɧɨɜɟ ɪɟɡɭɥɶɬɚɬɨɜ ɬɟɪɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ.  

Ɇɟɬɨɞɨɦ ɢɧɮɪɚɤɪɚɫɧɨɣ ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɩɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɨɛɪɚɡɭɸɳɢɯɫɹ ɝɚɡɨɜ ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɩɢɪɨɥɢɡɚ ɨɬɜɟɪɠɟɧɧɨɝɨ ɫɜɹɡɭɸɳɟɝɨ Ɏɇ ɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɦɟɯɚɧɢɡɦɵ ɩɪɨɬɟ-
ɤɚɸɳɢɯ ɩɪɨɰɟɫɫɨɜ, ɩɪɢɜɨɞɹɳɢɯ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɫɜɨɛɨɞɧɨɣ ɜɨɞɵ ɜ ɫɢɫɬɟɦɟ. 
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Abstract. The influence of the content and morphology of the initial components, boron 
silicide and graphite, technological parameters of mechanical action on the phase composition 
and microstructure of carbon-ceramic composite materials has been investigated. The 
physicomechanical (ultimate strength in compression and bending) and thermal (heat 
rОsТsЭКЧМО КЧН СОКЭ rОsТsЭКЧМО КЭ ЭОmpОrКЭЮrОs Юp ЭШ 1500 °C) prШpОrЭТОs ШП СШЭ-pressed ceramic 
samples based on carbon-ceramic composite materials of various compositions have been 
determined. The tribotechnical (coefficient of friction, wear) properties of hot-pressed ceramic 
samples based on carbon-ceramic composite materials of various compositions have been 
determined. 
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ȼɜɟɞɟɧɢɟ 
ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɪɨɛɥɟɦɚ ɫɨɡɞɚɧɢɹ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɤɨɧɫɬɪɭɤɰɢɨɧɧɨɣ 

ɤɟɪɚɦɢɤɢ, ɨɛɥɚɞɚɸɳɟɣ ɩɨɜɵɲɟɧɧɵɦɢ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɦɢ, ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦɢ ɢ 
ɬɟɪɦɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ, ɱɪɟɡɜɵɱɚɣɧɨ ɚɤɬɭɚɥɶɧɚ ɢ 
ɞɨ ɫɢɯ ɩɨɪ ɜ ɩɨɥɧɨɦ ɨɛɴɟɦɟ ɧɟ ɪɟɲɟɧɚ. Ʉɨɦɩɨɡɢɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ ɧɚ ɨɫɧɨɜɟ ɤɚɪɛɢɞɚ 
ɤɪɟɦɧɢɹ ɩɪɢɜɥɟɤɚɸɬ ɜɫɟ ɛɨɥɶɲɟɟ ɜɧɢɦɚɧɢɟ ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ ɢɯ ɜ ɭɡɥɚɯ ɢ ɞɟɬɚɥɹɯ 
ɝɚɡɨɬɭɪɛɢɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ ɢ ɭɫɬɚɧɨɜɨɤ. Ɉɫɨɛɟɧɧɨ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɭɝɥɟɪɨɞ-
ɤɟɪɚɦɢɱɟɫɤɢɟ ɢ ɤɟɪɚɦɢɱɟɫɤɢɟ ɤɨɦɩɨɡɢɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ ɧɚɯɨɞɹɬ ɜ ɤɨɧɫɬɪɭɤɰɢɹɯ 
ɥɟɬɚɬɟɥɶɧɵɯ ɚɩɩɚɪɚɬɨɜ, ɪɚɛɨɬɚɸɳɢɯ ɩɪɢ ɩɨɜɵɲɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɜ ɭɫɥɨɜɢɹɯ 
ɜɵɫɨɤɨɣ ɧɚɝɪɭɡɤɢ ɢ ɩɨɜɵɲɟɧɧɨɝɨ ɢɡɧɨɫɚ – ɜ ɱɚɫɬɧɨɫɬɢ, ɜ ɬɨɪɰɨɜɵɯ ɭɩɥɨɬɧɢɬɟɥɹɯ, ɜ 
ɬɨɦ ɱɢɫɥɟ ɢ ɝɚɡɨɞɢɧɚɦɢɱɟɫɤɢɯ, ɪɚɞɢɚɥɶɧɵɯ ɢ ɬɨɪɰɨɜɵɯ ɩɨɞɲɢɩɧɢɤɚɯ ɫɤɨɥɶɠɟɧɢɹ 
ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ ɫ ɭɩɪɚɜɥɹɟɦɵɦ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɬɪɟɧɢɹ. ȼ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɝɪɚɮɢɬ ɢ 
ɤɚɪɛɢɞ ɤɪɟɦɧɢɹ, ɚ ɬɚɤɠɟ ɤɨɦɩɨɡɢɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ ɧɚ ɢɯ ɨɫɧɨɜɟ ɨɛɥɚɞɚɸɬ 
ɷɤɫɬɪɟɦɚɥɶɧɵɦɢ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɦɢ ɚɧɬɢɮɪɢɤɰɢɨɧɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɩɚɪɵ 
ɫɤɨɥɶɠɟɧɢɹ ɢɡ ɬɚɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɫ ɧɢɡɤɢɦ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɬɪɟɧɢɹ ɫɩɨɫɨɛɧɵ 
ɫɭɳɟɫɬɜɟɧɧɨ ɫɧɢɡɢɬɶ ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɟ ɦɟɯɚɧɢɡɦɨɜ, ɨɛɟɫɩɟɱɢɬɶ ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ 
ɧɚɞɟɠɧɨɫɬɢ ɢɯ ɪɚɛɨɬɵ ɢ ɡɧɚɱɢɬɟɥɶɧɨ ɩɨɜɵɫɢɬɶ ɞɨɥɝɨɜɟɱɧɨɫɬɶ [1].  

ȼ ɫɨɱɟɬɚɧɢɢ ɫ ɧɚɛɨɪɨɦ ɞɪɭɝɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɤɚɪɛɢɞɵ ɨɛɟɫɩɟɱɢɜɚɸɬ ɜɵɫɨɤɢɣ 
ɪɟɫɭɪɫ ɪɚɛɨɬɵ ɦɟɯɚɧɢɡɦɨɜ, ɤɨɬɨɪɵɣ ɧɚ ɩɨɪɹɞɨɤ ɛɨɥɶɲɟ, ɱɟɦ ɭ ɫɭɳɟɫɬɜɭɸɳɢɯ ɜ ɧɚɫɬɨ-
ɹɳɟɟ ɜɪɟɦɹ ɬɪɚɞɢɰɢɨɧɧɵɯ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. Ʉɪɨɦɟ ɬɨɝɨ, ɞɢɫɩɟɪɫɧɨ-
ɭɩɪɨɱɧɟɧɧɵɟ ɭɝɥɟɪɨɞ-ɤɟɪɚɦɢɱɟɫɤɢɟ ɢ ɤɟɪɚɦɢɱɟɫɤɢɟ ɤɨɦɩɨɡɢɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ ɧɚ 
ɨɫɧɨɜɟ ɤɚɪɛɢɞɚ ɤɪɟɦɧɢɹ ɨɫɬɚɸɬɫɹ ɫɚɦɵɦɢ ɩɟɪɫɩɟɤɬɢɜɧɵɦɢ ɦɚɬɟɪɢɚɥɚɦɢ ɞɥɹ ɩɪɢɦɟɧɟ-
ɧɢɹ ɜ ɤɚɱɟɫɬɜɟ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɩɚɪ ɬɪɟɧɢɹ ɢɡ-ɡɚ ɧɢɡɤɨɣ ɫɟɛɟɫɬɨɢɦɨɫɬɢ, ɞɨɫɬɭɩ-
ɧɨɫɬɢ ɫɵɪɶɹ, ɜɵɫɨɤɨɣ ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɢ ɢ ɤɨɪɪɨɡɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɢ, ɚ ɬɚɤɠɟ ɢɡ-ɡɚ ɨɬɧɨ-
ɫɢɬɟɥɶɧɨ ɧɟɛɨɥɶɲɨɣ ɩɥɨɬɧɨɫɬɢ ɢ ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɱɢɫɬɨɬɵ ɩɪɨɢɡɜɨɞɫɬɜɚ.  

ɇɚɪɹɞɭ ɫ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ ɫɥɨɠɧɨɫɬɹɦɢ ɩɨɥɭɱɟɧɢɹ (ɫɩɟɤɚɧɢɟ ɩɨɪɨɲɤɚ ɩɪɢ ɜɵ-
ɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɩɪɢ ɧɚɥɢɱɢɢ ɢ ɨɬɫɭɬɫɬɜɢɢ ɫɜɹɡɨɤ ɢ ɚɤɬɢɜɢɪɭɸɳɢɯ ɞɨɛɚɜɨɤ, ɝɨɪɹ-
ɱɟɟ ɩɪɟɫɫɨɜɚɧɢɟ, ɪɟɚɤɰɢɨɧɧɨɫɜɹɡɚɧɧɵɣ ɢ ɪɟɤɪɢɫɬɚɥɥɢɡɨɜɚɧɧɵɣ ɤɚɪɛɢɞ ɤɪɟɦɧɢɹ, ɫɢɥɢ-
ɰɢɪɨɜɚɧɧɵɣ ɝɪɚɮɢɬ ɢ ɞɪ. Дβ–14Ж) ɫɚɦɢɯ ɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɨɫɧɨɜɟ SТC ɧɚɤɥɚ-
ɞɵɜɚɸɬɫɹ ɠɟɫɬɤɢɟ ɨɝɪɚɧɢɱɟɧɢɹ ɧɚ ɝɟɨɦɟɬɪɢɱɟɫɤɭɸ ɮɨɪɦɭ ɩɨɥɭɱɚɟɦɵɯ ɡɚɝɨɬɨɜɨɤ (ɰɢ-
ɥɢɧɞɪɵ, ɩɥɚɫɬɢɧɵ, ɤɨɥɶɰɚ). Ʉɚɤ ɫɥɟɞɫɬɜɢɟ, ɨɞɧɨɣ ɢɡ ɫɥɨɠɧɟɣɲɢɯ ɡɚɞɚɱ ɹɜɥɹɟɬɫɹ ɦɟɯɚ-
ɧɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ ɢ ɢɡɝɨɬɨɜɥɟɧɢɟ ɞɟɬɚɥɟɣ ɫɥɨɠɧɵɯ ɮɨɪɦ ɢɡ-ɡɚ ɜɵɫɨɤɨɣ ɬɜɟɪɞɨɫɬɢ ɢ 
ɯɪɭɩɤɨɫɬɢ ɤɚɪɛɢɞɨɤɪɟɦɧɢɟɜɨɣ ɤɟɪɚɦɢɤɢ. ɉɪɢ ɷɬɨɦ ɫɨɞɟɪɠɚɧɢɟ ɫɜɨɛɨɞɧɨɝɨ ɤɪɟɦɧɢɹ ɜ 
ɫɨɫɬɚɜɟ ɫɢɥɢɰɢɪɨɜɚɧɧɵɯ ɝɪɚɮɢɬɨɜ ɢɥɢ ɪɟɚɤɰɢɨɧɧɨ-ɫɩɟɱɟɧɧɨɦ ɤɚɪɛɢɞɟ ɤɪɟɦɧɢɹ ɡɧɚɱɢ-
ɬɟɥɶɧɨ ɫɧɢɠɚɟɬ ɭɪɨɜɟɧɶ ɫɜɨɣɫɬɜ ɞɟɬɚɥɟɣ ɧɚ ɢɯ ɨɫɧɨɜɟ – ɜ ɱɚɫɬɧɨɫɬɢ, ɠɚɪɨɫɬɨɣɤɨɫɬɶ, 
ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɶ ɢ ɤɨɪɪɨɡɢɨɧɧɭɸ ɫɬɨɣɤɨɫɬɶ. ɋɥɟɞɭɸɳɟɣ ɬɪɭɞɧɨɫɬɶɸ ɹɜɥɹɟɬɫɹ ɫɥɨɠ-
ɧɨɫɬɶ ɢ ɢɡɛɵɬɨɱɧɵɟ ɬɪɭɞɨɡɚɬɪɚɬɵ ɧɚ ɦɟɯɚɧɢɱɟɫɤɭɸ ɨɛɪɚɛɨɬɤɭ ɞɟɬɚɥɟɣ ɧɚ ɨɫɧɨɜɟ ɫɢɥɢ-
ɰɢɪɨɜɚɧɧɵɯ ɝɪɚɮɢɬɨɜ ɢɥɢ ɪɟɚɤɰɢɨɧɧɨ-ɫɩɟɱɟɧɧɨɝɨ ɤɚɪɛɢɞɚ ɤɪɟɦɧɢɹ, ɩɪɢ ɤɨɬɨɪɨɣ ɬɪɟ-
ɛɭɟɬɫɹ ɞɨɪɨɝɨɫɬɨɹɳɢɣ ɚɥɦɚɡɧɵɣ ɢɧɫɬɪɭɦɟɧɬ Дβ–23]. 

ɒɢɪɨɤɨ ɩɪɢɦɟɧɹɟɦɵɦɢ ɦɚɬɟɪɢɚɥɚɦɢ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɚɪ ɬɪɟɧɢɹ ɚɜɢɚɰɢɨɧɧɵɯ 
ɝɚɡɨɬɭɪɛɢɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ ɹɜɥɹɸɬɫɹ ɜɵɫɨɤɨɭɝɥɟɪɨɞɢɫɬɵɟ ɯɪɨɦɢɫɬɵɟ ɬɜɟɪɞɨɤɚɥɹɳɢɟɫɹ 
ɫɬɚɥɢ, ɧɢɡɤɨɭɝɥɟɪɨɞɢɫɬɵɟ ɥɟɝɢɪɨɜɚɧɧɵɟ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɟ ɫɬɚɥɢ ɫ ɩɨɜɟɪɯɧɨɫɬɧɵɦ 
ɭɩɪɨɱɧɟɧɢɟɦ, ɬɟɩɥɨɩɪɨɱɧɵɟ ɢ ɤɨɪɪɨɡɢɨɧɧɨɫɬɨɣɤɢɟ ɜɵɫɨɤɨɭɝɥɟɪɨɞɢɫɬɵɟ ɥɟɝɢɪɨɜɚɧɧɵɟ 
ɫɬɚɥɢ ɢ ɫɩɥɚɜɵ. Ɋɚɡɪɚɛɚɬɵɜɚɸɬɫɹ ɬɚɤɠɟ ɧɨɜɵɟ ɬɟɩɥɨɫɬɨɣɤɢɟ ɩɨɞɲɢɩɧɢɤɨɜɵɟ ɫɬɚɥɢ ɢ 
ɨɪɝɚɧɨɩɥɚɫɬɢɤɢ ɞɥɹ ɜɵɫɨɤɨɧɚɝɪɭɠɟɧɧɵɯ ɭɡɥɨɜ ɬɪɟɧɢɹ Дγ–7]. 

ȼ ɤɚɱɟɫɬɜɟ ɧɟɦɟɬɚɥɥɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɩɚɪ ɬɪɟɧɢɹ ɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɢɫɩɨɥɶ-
ɡɭɸɬɫɹ ɪɟɚɤɰɢɨɧɧɨ-ɫɩɟɱɟɧɧɵɣ ɤɚɪɛɢɞ ɤɪɟɦɧɢɹ (SТɋ), ɫɢɥɢɰɢɪɨɜɚɧɧɵɣ ɝɪɚɮɢɬ, ɨɤɫɢɞ 
ɰɢɪɤɨɧɢɹ (Гrτ2) ɢɥɢ ɚɥɸɦɢɧɢɹ (χХ2O3) ɢ ɧɢɬɪɢɞ ɤɪɟɦɧɢɹ (SТ3N4) [5, 7, 9]. 
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ȼɵɫɨɤɚɹ ɬɜɟɪɞɨɫɬɶ, ɬɟɪɦɨɫɬɨɣɤɨɫɬɶ, ɚ ɬɚɤɠɟ ɛɥɚɝɨɩɪɢɹɬɧɨɟ ɫɨɱɟɬɚɧɢɟ ɞɪɭɝɢɯ 
ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɫɜɟɪɯɬɜɟɪɞɵɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɨɫɧɨ-
ɜɟ ɤɚɪɛɢɞɚ ɤɪɟɦɧɢɹ ɩɨɡɜɨɥɹɸɬ ɦɢɧɢɦɢɡɢɪɨɜɚɬɶ ɢɡɧɨɫ ɭɡɥɨɜ ɬɪɟɧɢɹ, ɩɨɜɵɫɢɬɶ ɧɚɞɟɠ-
ɧɨɫɬɶ ɢ ɪɟɫɭɪɫ ɞɟɬɚɥɟɣ ɥɟɬɚɬɟɥɶɧɨɝɨ ɚɩɩɚɪɚɬɚ ɢ ɦɟɯɚɧɢɡɦɨɜ ɚɜɢɚɰɢɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ.  

Ɉɫɧɨɜɧɵɦɢ ɮɚɤɬɨɪɚɦɢ, ɨɩɪɟɞɟɥɹɸɳɢɦɢ ɢ ɫɬɢɦɭɥɢɪɭɸɳɢɦɢ ɩɪɢɦɟɧɟɧɢɟ 
ɫɜɟɪɯɬɜɟɪɞɵɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɜ ɚɜɢɚɰɢɢ, ɹɜɥɹɸɬɫɹ Д5–23]:  

– ɭɜɟɥɢɱɟɧɢɟ ɬɹɝɨɜɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ;  
– ɫɧɢɠɟɧɢɟ ɜɟɫɨɜɵɯ ɢ ɝɚɛɚɪɢɬɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ;  
– ɡɧɚɱɢɬɟɥɶɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɪɟɫɭɪɫɚ ɞɟɬɚɥɟɣ ɢ ɭɡɥɨɜ;  
– ɭɥɭɱɲɟɧɢɟ ɷɤɨɥɨɝɢɢ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ.  

Ⱦɚɧɧɚɹ ɪɚɛɨɬɚ ɧɚɩɪɚɜɥɟɧɚ ɧɚ ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢɹɧɢɹ ɫɨɞɟɪɠɚɧɢɹ ɢ ɦɨɪɮɨɥɨɝɢɢ 
ɢɫɯɨɞɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɧɚ ɮɚɡɨɜɵɣ ɫɨɫɬɚɜ ɢ ɦɢɤɪɨɫɬɪɭɤɬɭɪɭ ɭɝɥɟɪɨɞ-ɤɟɪɚɦɢɱɟɫɤɢɯ 
ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɚ ɬɚɤɠɟ ɧɚ ɨɩɪɟɞɟɥɟɧɢɟ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ, 
ɬɟɪɦɢɱɟɫɤɢɯ ɢ ɬɪɢɛɨɬɟɯɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɤɟɪɚɦɢɱɟɫɤɢɯ ɨɛɪɚɡɰɨɜ ɧɚ ɢɯ ɨɫɧɨɜɟ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɪɟɚɥɢɡɚɰɢɢ ɤɨɦɩɥɟɤɫɧɨɣ ɧɚɭɱɧɨɣ ɩɪɨɛɥɟɦɵ 14.1. 
«Ʉɨɧɫɬɪɭɤɰɢɨɧɧɵɟ ɤɟɪɚɦɢɱɟɫɤɢɟ ɤɨɦɩɨɡɢɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ» («ɋɬɪɚɬɟɝɢɱɟɫɤɢɟ 
ɧɚɩɪɚɜɥɟɧɢɹ ɪɚɡɜɢɬɢɹ ɦɚɬɟɪɢɚɥɨɜ ɢ ɬɟɯɧɨɥɨɝɢɣ ɢɯ ɩɟɪɟɪɚɛɨɬɤɢ ɧɚ ɩɟɪɢɨɞ ɞɨ  
β0γ0 ɝɨɞɚ») ДγЖ. 

 
Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ, ɬɟɪɦɢɱɟɫɤɢɯ ɢ 
ɬɪɢɛɨɬɟɯɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɭɝɥɟɪɨɞ-ɤɟɪɚɦɢɱɟɫɤɢɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɧɚ 
ɨɫɧɨɜɟ ɤɚɪɛɢɞɚ ɤɪɟɦɧɢɹ ɧɚ ɭɫɬɚɧɨɜɤɟ ɝɨɪɹɱɟɝɨ ɩɪɟɫɫɨɜɚɧɢɹ ɢɡɝɨɬɨɜɥɟɧɵ ɨɛɪɚɡɰɵ  
Ø1β5 ɦɦ ɢ ɜɵɫɨɬɨɣ 10 ɦɦ. Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɨɛɪɚɡɰɨɜ ɧɚ ɨɫɧɨɜɟ ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ 
ɦɚɬɟɪɢɚɥɚ ɋ/SТC ɢɫɩɨɥɶɡɨɜɚɥɢ ɩɨɪɨɲɨɤ ɫɢɥɢɰɢɞɚ ɛɨɪɚ (SiB4) ɫɨ ɫɪɟɞɧɢɦ ɪɚɡɦɟɪɨɦ 
ɱɚɫɬɢɰ β7,6 ɦɤɦ, ɫɨɞɟɪɠɚɳɢɣ ɩɪɢɦɟɫɢ, % (ɩɨ ɦɚɫɫɟ): 0,11 C; 0,γβ τ; 0,06 Fe; ɩɨɪɨɲɨɤ 
ɝɪɚɮɢɬɚ ɆɉȽ-7 ɫɨ ɫɪɟɞɧɟɣ ɞɥɢɧɨɣ ɱɟɲɭɟɤ 1β,6β ɦɤɦ, ɫɨɞɟɪɠɚɳɢɣ ɩɪɢɦɟɫɢ, % (ɩɨ 
ɦɚɫɫɟ): 0,5κ τ; 0,11 S; 0,062 Na; 0,17 FО. ɋɨɞɟɪɠɚɧɢɟ ɢɫɯɨɞɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɜ 
ɤɨɦɩɨɡɢɰɢɨɧɧɨɦ ɦɚɬɟɪɢɚɥɟ ɋ/SТC ɜɚɪɶɢɪɨɜɚɥɨɫɶ ɜ ɫɥɟɞɭɸɳɟɦ ɞɢɚɩɚɡɨɧɟ: (1–ɯ)ɋ/ɯSiB4 
(ɝɞɟ ɯ = 0,4–0,6).  

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɋ/SТC ɫ ɪɚɜɧɨɦɟɪɧɵɦ 
ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɱɚɫɬɢɰ ɜ ɨɛɴɟɦɟ ɫɧɚɱɚɥɚ ɩɪɨɜɨɞɢɥɢ ɢɡɦɟɥɶɱɟɧɢɟ ɩɨɪɨɲɤɚ ɫɢɥɢɰɢɞɚ 
ɛɨɪɚ ɜ ɩɥɚɧɟɬɚɪɧɨɣ ɦɟɥɶɧɢɰɟ ɜ ɬɟɱɟɧɢɟ ɧɟ ɦɟɧɟɟ 1 ɱ ɩɪɢ ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ 
ɪɚɡɦɨɥɶɧɵɯ ɫɬɚɤɚɧɨɜ ɧɟ ɦɟɧɟɟ γ00 ɨɛ/ɦɢɧ. Ɇɚɬɟɪɢɚɥ ɪɚɡɦɨɥɶɧɨɣ ɝɚɪɧɢɬɭɪɵ – ɤɚɪɛɢɞ 
ɜɨɥɶɮɪɚɦɚ (WC). Ɂɚɬɟɦ ɫɭɫɩɟɧɡɢɸ ɩɨɦɟɳɚɥɢ ɜ ɫɭɲɢɥɶɧɵɣ ɲɤɚɮ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 
80 °ɋ ɞɥɹ ɭɞɚɥɟɧɢɹ ɠɢɞɤɨɣ ɮɚɡɵ ɞɨ ɩɨɫɬɨɹɧɧɨɣ ɦɚɫɫɵ. ɋɪɟɞɧɢɣ ɪɚɡɦɟɪ ɱɚɫɬɢɰ 
ɢɡɦɟɥɶɱɟɧɧɨɝɨ ɩɨɪɨɲɤɚ ɫɨɫɬɚɜɥɹɥ 1,γβ ɦɤɦ. Ⱦɚɥɟɟ ɤ ɩɨɥɭɱɟɧɧɨɦɭ ɩɨɪɨɲɤɭ ɞɨɛɚɜɥɹɥɢ 
ɧɟɨɛɯɨɞɢɦɨɟ ɤɨɥɢɱɟɫɬɜɨ ɝɪɚɮɢɬɚ ɢ ɩɪɨɫɟɢɜɚɥɢ ɱɟɪɟɡ ɫɢɬɨ ɫ ɹɱɟɣɤɚɦɢ 100 ɦɤɦ. Ⱦɥɹ 
ɪɚɜɧɨɦɟɪɧɨɝɨ ɫɦɟɲɢɜɚɧɢɹ ɩɪɨɰɟɞɭɪɭ ɩɨɜɬɨɪɹɥɢ 7 ɪɚɡ. Ⱦɚɥɟɟ ɩɨɥɭɱɟɧɧɵɣ ɲɢɯɬɨɜɨɣ 
ɦɚɬɟɪɢɚɥ ɡɚɝɪɭɠɚɥɢ ɜ ɩɪɟɫɫ-ɮɨɪɦɭ ɢ ɩɪɨɜɨɞɢɥɢ ɫɩɟɤɚɧɢɟ ɧɚ ɭɫɬɚɧɨɜɤɟ ɝɨɪɹɱɟɝɨ 
ɩɪɟɫɫɨɜɚɧɢɹ ɜ ɚɬɦɨɫɮɟɪɟ ɚɪɝɨɧɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɞɨ 1700 °ɋ, ɫɤɨɪɨɫɬɢ ɧɚɝɪɟɜɚ ɞɨ 
15 °ɋ/ɦɢɧ ɢ ɜɵɞɟɪɠɤɟ ɩɪɢ ɰɟɥɟɜɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɞɨ λ0 ɦɢɧ, ɭɫɢɥɢɟ ɩɪɟɫɫɨɜɚɧɢɹ 
ɫɨɫɬɚɜɥɹɥɨ ɧɟ ɛɨɥɟɟ 50 Ɇɉɚ. ɋ ɰɟɥɶɸ ɭɞɚɥɟɧɢɹ ɡɚɝɪɹɡɧɟɧɢɣ ɢ ɨɫɬɚɬɤɨɜ ɝɪɚɮɢɬɚ ɫ 
ɩɨɜɟɪɯɧɨɫɬɢ ɫɩɟɱɟɧɧɨɝɨ ɨɛɪɚɡɰɚ ɟɝɨ ɨɱɢɳɚɥɢ ɜ ɩɟɫɤɨɫɬɪɭɣɧɨɣ ɤɚɦɟɪɟ ɷɥɟɤɬɪɨɤɨɪɭɧɞɨɦ. 

Ⱦɚɥɟɟ ɨɛɪɚɡɟɰ ɩɨɦɟɳɚɥɢ ɜ β0 %-ɧɵɣ ɜɨɞɧɵɣ ɪɚɫɬɜɨɪ ɮɟɧɨɥɮɨɪɦɚɥɶɞɟɝɢɞɧɨɣ 
ɫɦɨɥɵ ɋɎ-010 ɧɚ λ0 ɦɢɧ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɦɧɨɝɨɫɬɭɩɟɧɱɚɬɵɦ ɩɢɪɨɥɢɡɨɦ ɜ ɝɪɚɮɢɬɨɜɨɣ 
ɡɚɫɵɩɤɟ ɜ ɚɬɦɨɫɮɟɪɧɨɣ ɩɟɱɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɞɨ κ00 °ɋ ɜ ɬɟɱɟɧɢɟ κ ɱ. Ⱦɚɧɧɵɣ ɩɪɨɰɟɫɫ 
(ɩɪɨɩɢɬɤɭ ɢ ɩɢɪɨɥɢɡ) ɩɨɜɬɨɪɹɥɢ ɞɨ γ ɪɚɡ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɬɪɟɛɭɟɦɵɯ ɡɧɚɱɟɧɢɣ 
ɩɥɨɬɧɨɫɬɢ ɢ ɨɬɤɪɵɬɨɣ ɩɨɪɢɫɬɨɫɬɢ.  
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ɂɡɦɟɪɟɧɢɟ ɡɧɚɱɟɧɢɣ ɨɬɤɪɵɬɨɣ ɩɨɪɢɫɬɨɫɬɢ ɢ ɤɚɠɭɳɟɣɫɹ ɩɥɨɬɧɨɫɬɢ ɨɛɪɚɡɰɨɜ 
ɩɪɨɜɨɞɢɥɢ ɫ ɩɨɦɨɳɶɸ ɥɚɛɨɪɚɬɨɪɧɵɯ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɜɟɫɨɜ ɩɪɢ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɦ 
ɜɡɜɟɲɢɜɚɧɢɢ ɩɨ ȽɈɋɌ β40λ–95. 

Ɇɢɤɪɨɫɬɪɭɤɬɭɪɭ ɨɛɪɚɡɰɨɜ ɢɫɫɥɟɞɨɜɚɥɢ ɦɟɬɨɞɨɦ ɪɚɫɬɪɨɜɨɣ ɷɥɟɤɬɪɨɧɧɨɣ 
ɦɢɤɪɨɫɤɨɩɢɢ, ɮɚɡɨɜɵɣ ɫɨɫɬɚɜ ɨɩɪɟɞɟɥɹɥɢ ɧɚ ɩɨɥɢɪɨɜɚɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɫ ɩɨɦɨɳɶɸ 
ɪɟɧɬɝɟɧɨɜɫɤɨɝɨ ɞɢɮɪɚɤɬɨɦɟɬɪɚ ɜ ɦɨɧɨɯɪɨɦɚɬɢɱɟɫɤɨɦ CЮ Kα-ɢɡɥɭɱɟɧɢɢ. 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɠɚɪɨɫɬɨɣɤɨɫɬɢ ɢ ɬɟɪɦɨɫɬɨɣɤɨɫɬɢ ɨɛɪɚɡɰɨɜ ɜ ɞɢɚɩɚɡɨɧɟ 
ɬɟɦɩɟɪɚɬɭɪ β0–1500 °ɋ ɩɪɨɜɨɞɢɥɢ ɜ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɤɚɦɟɪɧɵɯ ɩɟɱɚɯ ɋɇɈɅ. 
ɉɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɠɚɪɨɫɬɨɣɤɨɫɬɢ ɤɨɧɬɪɨɥɢɪɨɜɚɥɢ ɢɡɦɟɧɟɧɢɟ ɦɚɫɫɵ: (Δm/m0)·100 %, 
Δm = m1 – m0, ɝɞɟ m0 – ɦɚɫɫɚ ɢɫɯɨɞɧɨɝɨ ɨɛɪɚɡɰɚ; m1 – ɦɚɫɫɚ ɨɛɪɚɡɰɚ ɩɨɫɥɟ ɢɫɩɵɬɚɧɢɹ ɜ 
ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɩɟɱɢ. ɂɫɩɵɬɚɧɢɹ ɨɛɪɚɡɰɨɜ ɧɚ ɬɟɪɦɨɫɬɨɣɤɨɫɬɶ ɩɪɨɜɨɞɢɥɢ ɫ 
ɪɟɡɤɢɦ ɨɯɥɚɠɞɟɧɢɟɦ ɜ ɜɨɞɟ ɫ ɬɟɦɩɟɪɚɬɭɪɵ 1500 °ɋ. 

Ⱦɥɹ ɢɡɦɟɪɟɧɢɹ ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɫɬɚɬɢɱɟɫɤɨɦ ɬɪɟɯɬɨɱɟɱɧɨɦ ɢɡɝɢɛɟ (ıɢɡɝ) 
ɨɛɪɚɡɰɵ ɪɚɡɪɟɡɚɥɢ ɧɚ ɛɚɥɤɢ ɪɚɡɦɟɪɨɦ 10×5×60 ɦɦ, ɚ ɡɚɬɟɦ ɲɥɢɮɨɜɚɥɢ ɞɨ 
ɲɟɪɨɯɨɜɚɬɨɫɬɢ Ra ≈ 0,γ ɦɤɦ ɚɥɦɚɡɧɵɦ ɢɧɫɬɪɭɦɟɧɬɨɦ. Ɏɚɫɤɢ ɫɨ ɜɫɟɯ ɛɚɥɨɤ ɫɧɢɦɚɥɢ ɞɥɹ 
ɦɢɧɢɦɢɡɚɰɢɢ ɷɮɮɟɤɬɚ ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɚɩɪɹɠɟɧɢɣ. ɂɫɩɵɬɚɧɢɹ ɧɚ ɢɡɝɢɛ ɩɪɨɜɨɞɢɥɢ 
ɱɟɬɵɪɟɯɬɨɱɟɱɧɵɦ ɦɟɬɨɞɨɦ ɩɨ ȽɈɋɌ Ɋ 5774λ–β017 ɫɨ ɫɤɨɪɨɫɬɶɸ ɧɚɝɪɭɠɟɧɢɹ 
0,5 ɦɦ/ɦɢɧ ɢ ɪɚɫɫɬɨɹɧɢɟɦ ɦɟɠɞɭ ɨɩɨɪɚɦɢ 40 ɦɦ.  

Ⱦɥɹ ɢɡɦɟɪɟɧɢɹ ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɫɠɚɬɢɢ (ıɫɠ) ɢɫɩɨɥɶɡɨɜɚɥɢ ɨɛɪɚɡɰɵ 
ɪɚɡɦɟɪɨɦ Ø10×β5 ɦɦ, ɚ ɡɚɬɟɦ ɲɥɢɮɨɜɚɥɢ ɞɨ ɲɟɪɨɯɨɜɚɬɨɫɬɢ Ra ≈ 0,γ ɦɤɦ ɚɥɦɚɡɧɵɦ 
ɢɧɫɬɪɭɦɟɧɬɨɦ. ɂɫɩɵɬɚɧɢɹ ɩɪɨɜɨɞɢɥɢ ɩɨ ȽɈɋɌ Ɋ 57606–2017. 

Ɉɩɪɟɞɟɥɟɧɢɟ ɬɪɢɛɨɬɟɯɧɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɜɨɞɢɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɬɪɢɛɨɦɟɬɪɚ ɩɨ ɧɨɪɦɚɬɢɜɧɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ ɇɂɐ «Ʉɭɪɱɚɬɨɜɫɤɢɣ ɢɧɫɬɢɬɭɬ» – ȼɂȺɆ. 
Ⱦɥɹ ɢɡɦɟɪɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɪɟɧɢɹ ɨɛɪɚɡɰɵ ɪɚɡɪɟɡɚɥɢ ɧɚ ɞɢɫɤɢ ɪɚɡɦɟɪɨɦ Ø50×10 ɦɦ, 
ɚ ɡɚɬɟɦ ɲɥɢɮɨɜɚɥɢ ɞɨ ɲɟɪɨɯɨɜɚɬɨɫɬɢ Ra ≈ 0,γ ɦɤɦ ɚɥɦɚɡɧɵɦ ɢɧɫɬɪɭɦɟɧɬɨɦ. 
Ʉɨɧɬɪɬɟɥɨɦ ɹɜɥɹɥɫɹ «ɩɚɥɟɰ» ɢɡ ɫɬɚɥɢ λ5ɏ1κ; ɫɤɨɪɨɫɬɶ ɫɤɨɥɶɠɟɧɢɹ ɞɨɫɬɢɝɚɥɚ 0,1 ɦ/ɫ, 
ɧɚɝɪɭɡɤɚ – ɞɨ 70 ɇ, ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɢɫɩɵɬɚɧɢɹ 60 ɦɢɧ. 

 
Ɋɟɡɭɥɶɬɚɬɵ ɢ ɨɛɫɭɠɞɟɧɢɟ 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɫɩɟɤɚɧɢɹ ɲɢɯɬɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɫɨɫɬɨɹɳɢɯ ɢɡ ɫɢɥɢɰɢɞɚ ɛɨɪɚ ɢ 
ɝɪɚɮɢɬɚ ɜ ɪɚɡɥɢɱɧɵɯ ɫɨɨɬɧɨɲɟɧɢɹɯ, ɦɟɬɨɞɨɦ ɝɨɪɹɱɟɝɨ ɩɪɟɫɫɨɜɚɧɢɹ ɩɨɥɭɱɟɧɵ ɭɝɥɟɪɨɞ-
ɤɟɪɚɦɢɱɟɫɤɢɟ ɨɛɪɚɡɰɵ Ø1β5 ɦɦ ɢ ɜɵɫɨɬɨɣ 10 ɦɦ. ȼ ɬɚɛɥ. 1 ɩɪɟɞɫɬɚɜɥɟɧɵ ɡɧɚɱɟɧɢɹ 
ɨɬɤɪɵɬɨɣ ɩɨɪɢɫɬɨɫɬɢ ɢ ɤɚɠɭɳɟɣɫɹ ɩɥɨɬɧɨɫɬɢ ɬɚɤɢɯ ɨɛɪɚɡɰɨɜ, ɨɩɪɟɞɟɥɟɧɧɵɟ ɦɟɬɨɞɨɦ 
ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɜɡɜɟɲɢɜɚɧɢɹ. 

 
Ɍɚɛɥɢɰɚ 1 

Ɋɟɡɭɥɶɬɚɬɵ ɨɩɪɟɞɟɥɟɧɢɹ ɨɬɤɪɵɬɨɣ ɩɨɪɢɫɬɨɫɬɢ ɢ ɤɚɠɭɳɟɣɫɹ ɩɥɨɬɧɨɫɬɢ 
ɝɨɪɹɱɟɩɪɟɫɫɨɜɚɧɧɵɯ ɨɛɪɚɡɰɨɜ ɭɝɥɟɪɨɞ-ɤɟɪɚɦɢɱɟɫɤɢɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ 

ɋɨɫɬɚɜ Ʉɚɠɭɳɚɹɫɹ ɩɥɨɬɧɨɫɬɶ, % Ɉɬɤɪɵɬɚɹ ɩɨɪɢɫɬɨɫɬɶ, % 
ɋ40S60 103,6 6,84 
ɋ45S55 99,2 9,23 
ɋ50S50 93,6 15,31 
ɋ55S45 91,1 21,68 
ɋ60S40 89,5 23,16 

 
ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɫɨɞɟɪɠɚɧɢɹ ɝɪɚɮɢɬɚ ɜ ɫɨɫɬɚɜɟ ɭɝɥɟɪɨɞ-

ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ ɫ 40 ɞɨ 60 % (ɨɛɴɟɦɧ.) ɩɪɨɢɫɯɨɞɢɥɨ ɪɟɡɤɨɟ ɭɜɟɥɢɱɟɧɢɟ ɨɬɤɪɵɬɨɣ 
ɩɨɪɢɫɬɨɫɬɢ ɞɨ βγ,16 %. ɉɪɢ ɷɬɨɦ ɞɥɹ ɨɛɪɚɡɰɚ ɫɨɫɬɚɜɚ ɋ40S60 ɤɚɠɭɳɚɹɫɹ ɩɥɨɬɧɨɫɬɶ 
ɩɪɟɜɵɫɢɥɚ 100 %, ɱɬɨ ɦɨɠɟɬ ɛɵɬɶ ɜɵɡɜɚɧɨ ɢɡɛɵɬɨɱɧɵɦ ɨɛɪɚɡɨɜɚɧɢɟɦ ɤɚɪɛɢɞɧɵɯ ɮɚɡ. Ⱦɥɹ 
ɞɨɫɬɢɠɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨɝɨ ɭɪɨɜɧɹ ɧɚɞɟɠɧɨɫɬɢ ɢ ɞɨɥɝɨɜɟɱɧɨɫɬɢ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ 
ɭɡɥɨɜ ɬɪɟɧɢɹ ɡɧɚɱɟɧɢɟ ɨɬɪɵɬɨɣ ɩɨɪɢɫɬɨɫɬɢ ɧɟ ɞɨɥɠɧɨ ɩɪɟɜɵɲɚɬɶ κ %. ȼ ɫɜɹɡɢ ɫ ɜɵɫɨɤɢɦɢ 
ɡɧɚɱɟɧɢɹɦɢ ɨɬɤɪɵɬɨɣ ɩɨɪɢɫɬɨɫɬɢ ɨɛɪɚɡɰɵ ɩɪɨɩɢɬɚɥɢ β0 %-ɧɵɦ ɜɨɞɧɵɦ ɪɚɫɬɜɨɪɨɦ 
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ɮɟɧɨɥɮɨɪɦɚɥɶɞɟɝɢɞɧɨɣ ɫɦɨɥɵ ɋɎ-010 ɜ ɬɟɱɟɧɢɟ λ0 ɦɢɧ ɢ ɞɚɥɟɟ ɩɪɨɜɨɞɢɥɢ 
ɦɧɨɝɨɫɬɭɩɟɧɱɚɬɵɣ ɩɢɪɨɥɢɡ ɜ ɝɪɚɮɢɬɨɜɨɣ ɡɚɫɵɩɤɟ ɜ ɚɬɦɨɫɮɟɪɧɨɣ ɩɟɱɢ. ȼ ɬɚɛɥ. β 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɡɧɚɱɟɧɢɹ ɨɬɤɪɵɬɨɣ ɩɨɪɢɫɬɨɫɬɢ ɢ ɤɚɠɭɳɟɣɫɹ ɩɥɨɬɧɨɫɬɢ ɨɛɪɚɡɰɨɜ ɢɡ ɭɝɥɟɪɨɞ-
ɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɩɨɫɥɟ ɞɜɭɤɪɚɬɧɨɣ ɩɪɨɩɢɬɤɢ ɮɟɧɨɥɮɨɪɦɚɥɶɞɟɝɢɞɧɨɣ ɫɦɨɥɨɣ ɢ 
ɩɢɪɨɥɢɡɚ, ɨɩɪɟɞɟɥɟɧɧɵɟ ɦɟɬɨɞɨɦ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɜɡɜɟɲɢɜɚɧɢɹ. ɉɨɫɥɟ ɩɪɨɩɢɬɤɢ 
ɫɦɨɥɨɣ ɢ ɩɢɪɨɥɢɡɚ ɡɧɚɱɟɧɢɹ ɨɬɤɪɵɬɨɣ ɩɨɪɢɫɬɨɫɬɢ ɡɧɚɱɢɬɟɥɶɧɨ ɫɧɢɡɢɥɢɫɶ – ɫ βγ,1 ɞɨ 
4,11 %. Ɉɞɧɚɤɨ ɞɥɹ ɨɛɪɚɡɰɚ ɋ60S40 ɩɨɬɪɟɛɨɜɚɥɨɫɶ ɩɪɨɜɟɞɟɧɢɟ ɬɪɟɯɤɪɚɬɧɨɣ ɩɪɨɩɢɬɤɢ 
ɮɟɧɨɥɮɨɪɦɚɥɶɞɟɝɢɞɧɨɣ ɫɦɨɥɨɣ ɢ ɩɢɪɨɥɢɡɚ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɬɪɟɛɭɟɦɨɝɨ ɡɧɚɱɟɧɢɹ 
ɨɬɤɪɵɬɨɣ ɩɨɪɢɫɬɨɫɬɢ ‒ ɩɨɫɥɟ ɞɜɭɯ ɩɪɨɰɟɫɫɨɜ ɡɧɚɱɟɧɢɟ ɫɨɫɬɚɜɥɹɥɨ κ,7κ %. ɉɪɢ  
ɷɬɨɦ ɞɢɧɚɦɢɤɚ ɫɧɢɠɟɧɢɹ ɡɧɚɱɟɧɢɣ ɨɬɤɪɵɬɨɣ ɩɨɪɢɫɬɨɫɬɢ ɞɥɹ ɨɛɪɚɡɰɨɜ, ɫɨɞɟɪɠɚɳɢɯ  
>50 % (ɨɛɴɟɦɧ.) ɝɪɚɮɢɬɚ, ɡɧɚɱɢɬɟɥɶɧɨ ɜɵɲɟ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɢɡ-ɡɚ ɪɚɡɦɟɪɚ ɩɨɪ. 

 
Ɍɚɛɥɢɰɚ 2 

Ɋɟɡɭɥɶɬɚɬɵ ɨɩɪɟɞɟɥɟɧɢɹ ɨɬɤɪɵɬɨɣ ɩɨɪɢɫɬɨɫɬɢ ɢ ɤɚɠɭɳɟɣɫɹ ɩɥɨɬɧɨɫɬɢ 
ɝɨɪɹɱɟɩɪɟɫɫɨɜɚɧɧɵɯ ɨɛɪɚɡɰɨɜ ɭɝɥɟɪɨɞ-ɤɟɪɚɦɢɱɟɫɤɢɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ  

ɩɨɫɥɟ ɩɪɨɩɢɬɤɢ ɮɟɧɨɥɮɨɪɦɚɥɶɞɟɝɢɞɧɨɣ ɫɦɨɥɨɣ ɢ ɩɢɪɨɥɢɡɚ 
ɋɨɫɬɚɜ Ʉɚɠɭɳɚɹɫɹ ɩɥɨɬɧɨɫɬɶ, % Ɉɬɤɪɵɬɚɹ ɩɨɪɢɫɬɨɫɬɶ, % 
ɋ40S60 Ȼɟɡ ɩɪɨɩɢɬɤɢ 
ɋ45S55 99,6 4,11 
ɋ50S50 98,6 4,39 
ɋ55S45 98,2 4,65 
ɋ60S40 98,3* 5,68* 

* ɉɪɨɜɟɞɟɧɵ ɬɪɟɯɤɪɚɬɧɚɹ ɩɪɨɩɢɬɤɚ ɮɟɧɨɥɮɨɪɦɚɥɶɞɟɝɢɞɧɨɣ ɫɦɨɥɨɣ ɢ ɩɢɪɨɥɢɡ. 
 
Ɇɟɬɨɞɨɦ ɪɟɧɬɝɟɧɨɮɚɡɨɜɨɝɨ ɚɧɚɥɢɡɚ ɭɫɬɚɧɨɜɥɟɧ ɮɚɡɨɜɵɣ ɫɨɫɬɚɜ ɨɛɪɚɡɰɨɜ ɧɚ ɨɫɧɨɜɟ 

ɭɝɥɟɪɨɞ-ɤɟɪɚɦɢɱɟɫɤɢɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɪɚɡɥɢɱɧɵɯ ɫɨɫɬɚɜɨɜ, ɞɢɮɪɚɤɬɨɝɪɚɦɦɵ 
ɤɨɬɨɪɵɯ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 1. Ⱦɥɹ ɦɚɬɟɪɢɚɥɨɜ ɫɨɫɬɚɜɨɜ ɋ50S50, ɋ55S45 ɢ ɋ60S40 
ɨɫɧɨɜɧɵɦɢ ɮɚɡɚɦɢ ɹɜɥɹɥɢɫɶ ɭɝɥɟɪɨɞ (ɝɪɚɮɢɬ), ɝɟɤɫɚɛɨɪɢɞ ɤɪɟɦɧɢɹ, ɤɚɪɛɢɞ ɤɪɟɦɧɢɹ 
ɤɭɛɢɱɟɫɤɨɣ ɦɨɞɢɮɢɤɚɰɢɢ ɢ ɧɟɡɧɚɱɢɬɟɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɤɚɪɛɢɞɚ ɛɨɪɚ. Ȼɨɥɟɟ ɬɨɝɨ, ɞɥɹ 
ɞɚɧɧɵɯ ɫɨɫɬɚɜɨɜ ɦɟɬɨɞɨɦ Ɋɢɬɜɟɥɶɞɚ ɭɫɬɚɧɨɜɥɟɧɨ ɤɨɥɢɱɟɫɬɜɟɧɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɨɫɧɨɜɧɵɯ 
ɮɚɡ, % (ɩɨ ɦɚɫɫɟ): ɭɝɥɟɪɨɞ (ɝɪɚɮɢɬ) – ɨɫɧɨɜɧɚɹ; ɝɟɤɫɚɛɨɪɢɞ ɤɪɟɦɧɢɹ – ɨɬ β4,1 ɞɨ β7,β; 
ɤɚɪɛɢɞ ɤɪɟɦɧɢɹ – ɨɬ 1γ,7 ɞɨ 1λ,β; ɤɚɪɛɢɞ ɛɨɪɚ – ɨɬ 1,γ ɞɨ β,κ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜ ɭɝɥɟɪɨɞ-
ɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɚɯ, ɫɨɞɟɪɠɚɳɢɯ >55 % (ɨɛɴɟɦɧ.) ɫɢɥɢɰɢɞɚ ɛɨɪɚ ɜ ɫɨɫɬɚɜɟ, 
ɫɨɞɟɪɠɚɧɢɟ ɤɚɪɛɢɞɚ ɤɪɟɦɧɢɹ ɞɨɫɬɢɝɚɟɬ β7,1 % (ɩɨ ɦɚɫɫɟ), ɤɚɪɛɢɞɚ ɛɨɪɚ – ɞɨ 5,4 % (ɩɨ 
ɦɚɫɫɟ), ɩɪɢ ɷɬɨɦ ɧɚ ɞɢɮɪɚɤɬɨɝɪɚɦɦɚɯ ɩɨɹɜɥɹɸɬɫɹ ɪɟɮɥɟɤɫɵ, ɨɬɧɨɫɹɳɢɟɫɹ ɤ ɫɜɨɛɨɞɧɨɦɭ 
ɤɪɟɦɧɢɸ, ɫɨɞɟɪɠɚɧɢɟ ɤɨɬɨɪɨɝɨ ɧɟ ɩɪɟɜɵɲɚɟɬ 1,γ % (ɩɨ ɦɚɫɫɟ).  

 

2θ, ɝɪɚɞɭɫ

B4C

B4C

ZrB2CZrB2

5030 40

SiC ZrB2SiC

0

0

1000

4

5

0

0

ɂ
ɧɬ
ɟɧ
ɫɢ
ɜɧ
ɨɫ
ɬɶ
, ɢ
ɦɩ

.

20

0

1000

3

2

1

 
Ɋɢɫ. 1. Ⱦɢɮɪɚɤɬɨɝɪɚɦɦɵ ɭɝɥɟɪɨɞ-ɤɟɪɚɦɢɱɟɫɤɢɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɫɨɫɬɚɜɨɜ 

ɋ40S60 (1), ɋ45S55 (2), ɋ50S50 (3), ɋ55S45 (4) ɢ ɋ60S40 (5) 
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ɇɚ ɪɢɫ. β ɩɪɟɞɫɬɚɜɥɟɧɚ ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ ɨɛɪɚɡɰɨɜ ɧɚ ɨɫɧɨɜɟ ɭɝɥɟɪɨɞ-
ɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɫ ɦɢɧɢɦɚɥɶɧɵɦ (40 % (ɨɛɴɟɦɧ.)) ɢ ɦɚɤɫɢɦɚɥɶɧɵɦ  
(60 % (ɨɛɴɟɦɧ.)) ɫɨɞɟɪɠɚɧɢɟɦ ɝɪɚɮɢɬɚ ɜ ɫɨɫɬɚɜɟ. ȼ ɫɥɭɱɚɟ ɦɚɬɟɪɢɚɥɚ ɫɨɫɬɚɜɚ ɋ40S60 
ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɟɩɪɟɪɵɜɧɨɣ ɮɚɡɨɣ ɫɜɟɬɥɨ-ɫɟɪɨɝɨ ɰɜɟɬɚ, ɜ ɤɨɬɨɪɨɣ 
ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɚ ɮɚɡɚ ɬɟɦɧɨ-ɫɟɪɨɝɨ ɰɜɟɬɚ. Ɋɚɡɦɟɪ ɱɚɫɬɢɰ ɮɚɡɵ ɬɟɦɧɨ-ɫɟɪɨɝɨ 
ɰɜɟɬɚ ɞɨɫɬɢɝɚɥ βγ ɦɤɦ, ɫɪɟɞɧɢɣ ɪɚɡɦɟɪ 15,7 ɦɤɦ. ȼ ɨɛɴɟɦɟ ɦɚɬɟɪɢɚɥɚ ɧɚɛɥɸɞɚɥɢɫɶ 
ɱɚɫɬɢɰɵ ɛɟɥɨɝɨ ɰɜɟɬɚ, ɪɚɡɦɟɪ ɤɨɬɨɪɵɯ ɧɟ ɩɪɟɜɵɲɚɥ 1 ɦɤɦ. Ʌɨɤɚɥɶɧɨ ɧɚɛɥɸɞɚɥɢɫɶ 
ɡɚɤɪɵɬɵɟ ɩɨɪɵ, ɪɚɡɦɟɪ ɤɨɬɨɪɵɯ ɬɚɤɠɟ ɧɟ ɩɪɟɜɵɲɚɥ 1 ɦɤɦ. ȼ ɫɥɭɱɚɟ ɦɚɬɟɪɢɚɥɚ ɫɨɫɬɚɜɚ 
ɋ60S40 ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ ɬɚɤɠɟ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɟɩɪɟɪɵɜɧɨɣ ɮɚɡɨɣ ɫɜɟɬɥɨ-ɫɟɪɨɝɨ ɰɜɟɬɚ, ɜ 
ɤɨɬɨɪɨɣ ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɚ ɮɚɡɚ ɬɟɦɧɨ-ɫɟɪɨɝɨ ɰɜɟɬɚ. ɋɪɟɞɧɢɣ ɪɚɡɦɟɪ ɱɚɫɬɢɰ 
ɮɚɡɵ ɬɟɦɧɨ-ɫɟɪɨɝɨ ɰɜɟɬɚ ɫɨɫɬɚɜɥɹɥ 1γ,4 ɦɤɦ. ȼ ɨɛɴɟɦɟ ɦɚɬɟɪɢɚɥɚ ɧɚɛɥɸɞɚɥɢɫɶ 
ɱɚɫɬɢɰɵ ɛɟɥɨɝɨ ɰɜɟɬɚ, ɪɚɡɦɟɪ ɤɨɬɨɪɵɯ ɧɟ ɩɪɟɜɵɲɚɥ 1 ɦɤɦ. ɇɚɛɥɸɞɚɥɢɫɶ ɡɚɤɪɵɬɵɟ 
ɩɨɪɵ, ɪɚɡɦɟɪ ɤɨɬɨɪɵɯ ɬɚɤɠɟ ɧɟ ɩɪɟɜɵɲɚɥ β–γ ɦɤɦ. 
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Ɋɢɫ. β. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɭɝɥɟɪɨɞ-ɤɟɪɚɦɢɱɟɫɤɢɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɫɨɫɬɚɜɨɜ  

ɋ40S60 (ɚ) ɢ ɋ60S40 (ɛ) 
 

C55S45C40S60 C60S40C50S50

2,5

10 ɱ
2

0

1

ɋɨɫɬɚɜ ɦɚɬɟɪɢɚɥɚ
ɋ45S55

1,5

ɂ
ɡɦ
ɟɧ
ɟɧ
ɢɟ
 ɦ
ɚɫ
ɫɵ
, %

0,5

5 ɱ

β0 ɱ

 
Ɋɢɫ. γ. Ɋɟɡɭɥɶɬɚɬɵ ɨɤɢɫɥɢɬɟɥɶɧɨɣ ɫɬɨɣɤɨɫɬɢ ɨɛɪɚɡɰɨɜ  
ɢɡ ɭɝɥɟɪɨɞ-ɤɟɪɚɦɢɱɟɫɤɢɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ 

 
ɂɫɫɥɟɞɨɜɚɧɢɟ ɠɚɪɨɫɬɨɣɤɨɫɬɢ ɨɛɪɚɡɰɨɜ ɢɡ ɭɝɥɟɪɨɞ-ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ ɩɪɢ 

ɬɟɦɩɟɪɚɬɭɪɟ 1500 °ɋ ɜ ɬɟɱɟɧɢɟ ɨɬ 5 ɞɨ β0 ɱ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫ. γ. ɂɫɩɵɬɚɧɢɹ 
ɩɪɨɜɨɞɢɥɢ ɜ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɤɚɦɟɪɧɵɯ ɩɟɱɚɯ ɜ ɚɬɦɨɫɮɟɪɟ ɜɨɡɞɭɯɚ. Ɉɛɪɚɡɰɵ ɢɡ 
ɭɝɥɟɪɨɞ-ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ ɫɨɫɬɚɜɚ ɋ40S60 ɨɛɥɚɞɚɥɢ ɧɚɢɥɭɱɲɟɣ 
ɠɚɪɨɫɬɨɣɤɨɫɬɶɸ, ɢɡɦɟɧɟɧɢɟ ɦɚɫɫɵ ɨɛɪɚɡɰɨɜ ɩɨɫɥɟ β0 ɱ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1500 °ɋ 
ɫɨɫɬɚɜɢɥɨ +0,4κ % (ɩɨ ɦɚɫɫɟ). Ɉɛɪɚɡɰɵ ɢɡ ɭɝɥɟɪɨɞ-ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ ɫɨɫɬɚɜɚ 



Ко̥по̛̚ц̛о̦̦̼е ̥ате̛̬ал̼  

 

 

 80                    АȐиаȤиȜțțые Țатериаșы и теȣțȜșȜȑии / Aviation materials and technologies   2 (67)  2022 

 

ɋ60S40 ɨɛɥɚɞɚɥɢ ɤɪɚɣɧɟ ɧɢɡɤɨɣ ɠɚɪɨɫɬɨɣɤɨɫɬɶɸ, ɢɡɦɟɧɟɧɢɟ ɦɚɫɫɵ ɨɛɪɚɡɰɨɜ ɩɨɫɥɟ  
β0 ɱ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1500 °ɋ ɫɨɫɬɚɜɢɥɨ +β,0γ % (ɩɨ ɦɚɫɫɟ). ȼɨ ɜɫɟɯ ɨɛɪɚɡɰɚɯ, 
ɫɨɞɟɪɠɚɳɢɯ ɝɪɚɮɢɬ >50 % (ɨɛɴɟɦɧ.), ɩɪɨɢɫɯɨɞɢɥɨ ɛɨɥɟɟ ɚɤɬɢɜɧɨɟ ɨɤɢɫɥɟɧɢɟ, ɱɟɦ ɜ 
ɨɛɪɚɡɰɚɯ, ɜ ɤɨɬɨɪɵɯ ɩɪɟɨɛɥɚɞɚɥɚ ɤɟɪɚɦɢɱɟɫɤɚɹ ɮɚɡɚ ɢ ɫɨɞɟɪɠɚɥɫɹ ɫɜɨɛɨɞɧɵɣ ɤɪɟɦɧɢɣ, 
ɨɛɪɚɡɭɸɳɢɟ ɡɚɳɢɬɧɭɸ ɩɥɟɧɤɭ ɢɡ ɛɨɪɨɫɢɥɢɤɚɬɧɨɝɨ ɫɬɟɤɥɚ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ, 
ɩɪɟɩɹɬɫɬɜɭɸɳɭɸ ɛɵɫɬɪɨɣ ɞɢɮɮɭɡɢɢ ɤɢɫɥɨɪɨɞɚ ɜ ɨɛɴɟɦ ɨɛɪɚɡɰɚ. 

ɂɫɩɵɬɚɧɢɹ ɨɛɪɚɡɰɨɜ ɢɡ ɭɝɥɟɪɨɞ-ɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɬɟɪɦɨɫɬɨɣɤɨɫɬɶ 
ɩɪɨɜɨɞɢɥɢ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: ɨɛɪɚɡɰɵ ɧɚɝɪɟɜɚɥɢ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 1500 °ɋ ɢ 
ɜɵɞɟɪɠɢɜɚɥɢ ɜ ɬɟɱɟɧɢɟ γ0 ɦɢɧ, ɞɚɥɟɟ ɢɯ ɞɨɫɬɚɜɚɥɢ ɢɡ ɤɚɦɟɪɵ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ 
ɩɟɱɢ ɢ ɩɟɪɟɧɨɫɢɥɢ ɜ ɬɢɝɟɥɶ ɫ ɯɨɥɨɞɧɨɣ ɜɨɞɨɣ. Ɉɯɥɚɠɞɟɧɢɟ ɨɛɪɚɡɰɚ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ  
40–50 °ɋ ɩɪɨɢɫɯɨɞɢɥɨ ɡɚ γ–4 ɫ. Ɉɛɪɚɡɰɵ ɫɨɫɬɚɜɨɜ ɋ40S60, ɋ45S55 ɢ ɋ60S40 
ɜɵɞɟɪɠɚɥɢ 1 ɰɢɤɥ, ɩɪɢ ɤɨɬɨɪɨɦ ɩɪɨɢɫɯɨɞɢɥɨ ɩɨɥɧɨɟ ɪɚɡɪɭɲɟɧɢɟ ɨɛɪɚɡɰɨɜ. Ɉɛɪɚɡɰɵ 
ɫɨɫɬɚɜɨɜ ɋ55S45 ɢ ɋ50S50 ɜɵɞɟɪɠɚɥɢ γ ɰɢɤɥɚ, ɩɨɫɥɟ ɱɟɝɨ ɩɪɨɢɫɯɨɞɢɥɨ ɩɨɥɧɨɟ 
ɪɚɡɪɭɲɟɧɢɟ ɨɛɪɚɡɰɨɜ. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɡɧɚɱɟɧɢɣ ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɫɬɚɬɢɱɟɫɤɨɦ 
ɱɟɬɵɪɟɯɬɨɱɟɱɧɨɦ ɢɡɝɢɛɟ ɨɛɪɚɡɰɨɜ ɢɡ ɭɝɥɟɪɨɞ-ɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɩɨɞɝɨɬɨɜɥɟɧɵ 
ɛɚɥɤɢ ɫ ɪɚɡɦɟɪɨɦ 10×5×60 ɦɦ. Ɋɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 4, ɚ. 
Ɇɚɤɫɢɦɚɥɶɧɵɦ ɡɧɚɱɟɧɢɟɦ ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɢɡɝɢɛɟ ɨɛɥɚɞɚɟɬ ɨɛɪɚɡɟɰ ɫɨɫɬɚɜɚ 
ɋ40S60 – ıɢɡɝ = βλ7 Ɇɉɚ, ɧɚɢɦɟɧɶɲɟɟ ɡɧɚɱɟɧɢɟ ɭ ɨɛɪɚɡɰɚ ɫɨɫɬɚɜɚ ɋ60S40 – 
ıɢɡɝ = 112 Ɇɉɚ. ɉɪɢ ɷɬɨɦ ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɨɫɥɟ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ 1500 °ɋ ɜ ɬɟɱɟɧɢɟ 1 ɱ ɡɧɚɱɟɧɢɹ ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɢɡɝɢɛɟ ɫɧɢɡɢɥɢɫɶ 
ɧɚ λ–26 % ɨɬɧɨɫɢɬɟɥɶɧɨ ɢɫɯɨɞɧɵɯ ɡɧɚɱɟɧɢɣ.  

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɡɧɚɱɟɧɢɣ ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɫɠɚɬɢɢ ɨɛɪɚɡɰɨɜ  ɢɡ ɭɝɥɟɪɨɞ-
ɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɩɨɞɝɨɬɨɜɥɟɧɵ ɨɛɪɚɡɰɵ ɪɚɡɦɟɪɨɦ Ø10×β5 ɦɦ. Ɋɟɡɭɥɶɬɚɬɵ 
ɢɫɩɵɬɚɧɢɣ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 4, ɛ. Ɇɚɤɫɢɦɚɥɶɧɵɦ ɡɧɚɱɟɧɢɟɦ ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ ɩɪɢ 
ɫɠɚɬɢɢ ɨɛɥɚɞɚɟɬ ɨɛɪɚɡɟɰ ɫɨɫɬɚɜɚ ɋ40S60 – ıɫɠ = 5γ1 Ɇɉɚ, ɧɚɢɦɟɧɶɲɟɟ ɡɧɚɱɟɧɢɟ ɭ 
ɨɛɪɚɡɰɚ ɫɨɫɬɚɜɚ ɋ60S40 – ıɫɠ = βκγ Ɇɉɚ. ɉɪɢ ɷɬɨɦ ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɨɫɥɟ 
ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1500 °ɋ ɜ ɬɟɱɟɧɢɟ 1 ɱ ɡɧɚɱɟɧɢɹ ɩɪɟɞɟɥɚ 
ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɫɠɚɬɢɢ ɫɧɢɡɢɥɢɫɶ ɧɚ 7–25 % ɨɬɧɨɫɢɬɟɥɶɧɨ ɢɫɯɨɞɧɵɯ ɡɧɚɱɟɧɢɣ.  
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Ɋɢɫ. 4. Ɋɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɩɪɟɞɟɥɨɜ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɢɡɝɢɛɟ (ɚ)  

ɢ ɫɠɚɬɢɢ (ɛ) ɨɛɪɚɡɰɨɜ ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ (■) ɢ ɩɨɫɥɟ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ 1500 °ɋ ɜ ɬɟɱɟɧɢɟ 1 ɱ (■) 
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Ɍɚɛɥɢɰɚ 3 
Ɋɟɡɭɥɶɬɚɬɵ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɫɭɯɨɝɨ ɬɪɟɧɢɹ ɝɨɪɹɱɟɩɪɟɫɫɨɜɚɧɧɵɯ ɨɛɪɚɡɰɨɜ 

ɭɝɥɟɪɨɞ-ɤɟɪɚɦɢɱɟɫɤɢɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɩɨɫɥɟ ɩɪɨɩɢɬɤɢ 
ɮɟɧɨɥɮɨɪɦɚɥɶɞɟɝɢɞɧɨɣ ɫɦɨɥɨɣ ɢ ɩɢɪɨɥɢɡɚ 

ɋɨɫɬɚɜ ɋɪɟɞɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ ɩɪɢ ɧɚɝɪɭɡɤɟ, ɇ 
5 25 50 70 

ɋ40S60 0,2817 0,2866 0,2924 0,2962 
ɋ45S55 0,2717 0,2796 0,2824 0,2882 
ɋ50S50 0,2117 0,2466 0,2514 0,2542 
ɋ55S45 0,2125 0,2295 0,2344 0,2409 
ɋ60S40 0,1645 0,1745 0,1764 0,1887 

 
ɂɡ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɧɚɥɢɱɢɟ 

ɤɟɪɚɦɢɱɟɫɤɨɣ ɮɚɡɵ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɩɪɨɱɧɨɫɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɢ ɫɨɯɪɚɧɟɧɢɸ 
ɢɯ ɩɨɫɥɟ ɬɟɪɦɢɱɟɫɤɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ ɨɩɪɟɞɟɥɹɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɪɢɛɨɦɟɬɪɚ ɩɨ ɧɨɪɦɚɬɢɜɧɨɣ 
ɞɨɤɭɦɟɧɬɚɰɢɢ ɇɂɐ «Ʉɭɪɱɚɬɨɜɫɤɢɣ ɢɧɫɬɢɬɭɬ» – ȼɂȺɆ (ɬɚɛɥ. γ). Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ 
ɢɫɩɵɬɚɧɢɣ ɨɛɪɚɡɰɵ ɪɚɡɪɟɡɚɥɢ ɧɚ ɞɢɫɤɢ ɪɚɡɦɟɪɨɦ Ø50×10 ɦɦ. Ʉɨɧɬɪɬɟɥɨɦ ɹɜɥɹɥɫɹ 
«ɩɚɥɟɰ» ɢɡ ɫɬɚɥɢ λ5ɏ1κ. ɋɤɨɪɨɫɬɶ ɫɤɨɥɶɠɟɧɢɹ ɞɨɫɬɢɝɚɥɚ 0,1 ɦ/ɫ, ɧɚɝɪɭɡɤɚ – ɨɬ 5 ɞɨ 
70 ɇ, ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɢɫɩɵɬɚɧɢɹ 60 ɦɢɧ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɨɛɪɚɡɰɵ ɫɨɫɬɚɜɨɜ ɋ50S50, 
ɋ55S45 ɢ ɋ60S40, ɫɨɞɟɪɠɚɳɢɟ ɜ ɫɨɫɬɚɜɟ >50 % (ɨɛɴɟɦɧ.) ɝɪɚɮɢɬɚ, ɨɛɥɚɞɚɥɢ 
ɧɚɢɦɟɧɶɲɢɦɢ ɡɧɚɱɟɧɢɹɦɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɫɭɯɨɝɨ ɬɪɟɧɢɹ, ɤɨɬɨɪɵɣ ɞɨɫɬɢɝɚɥ ɩɪɢ 
ɧɚɝɪɭɡɤɟ 70 ɇ ‒ ɧɟ ɛɨɥɟɟ 0,β54β. ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɫɨɞɟɪɠɚɧɢɹ ɤɟɪɚɦɢɱɟɫɤɨɣ ɮɚɡɵ ɜ 
ɨɛɪɚɡɰɚɯ ɫɨɫɬɚɜɨɜ ɋ40S60 ɢ ɋ45S55 ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɪɟɧɢɹ ɜɨɡɪɚɫɬɚɥɢ ɞɨ 
0,βλ6β. ɉɪɢ ɷɬɨɦ ɢɡɧɨɫ ɩɚɪɵ ɬɪɟɧɢɹ ɧɟ ɩɪɟɜɵɲɚɥ 0,01β ɦɤɦ ɡɚ 60 ɦɢɧ. 

 
Ɂɚɤɥɸɱɟɧɢɹ 

Ɇɟɬɨɞɨɦ ɢɫɤɪɨɜɨɝɨ ɩɥɚɡɦɟɧɧɨɝɨ ɫɩɟɤɚɧɢɹ ɩɨɥɭɱɟɧɵ ɨɛɪɚɡɰɵ ɤɟɪɚɦɢɱɟɫɤɢɯ 
ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɨɫɧɨɜɟ ɋ/SiC ɢ ɭɫɬɚɧɨɜɥɟɧɨ ɜɥɢɹɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɢ 
ɦɨɪɮɨɥɨɝɢɢ ɢɫɯɨɞɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ, ɫɢɥɢɰɢɞɚ ɛɨɪɚ ɢ ɝɪɚɮɢɬɚ, ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 
ɩɚɪɚɦɟɬɪɨɜ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɮɚɡɨɜɵɣ ɫɨɫɬɚɜ ɢ ɦɢɤɪɨɫɬɪɭɤɬɭɪɭ ɭɝɥɟɪɨɞ-
ɤɟɪɚɦɢɱɟɫɤɢɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. 

Ɉɩɪɟɞɟɥɟɧɵ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɨɛɪɚɡɰɨɜ ɭɝɥɟɪɨɞ-ɤɟɪɚɦɢɱɟɫɤɢɯ 
ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ – ɜ ɱɚɫɬɧɨɫɬɢ, ɡɧɚɱɟɧɢɹ ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɫɠɚɬɢɢ 
ɧɚɯɨɞɢɥɢɫɶ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ βκγ ɞɨ 5γ1 Ɇɉɚ, ɚ ɡɧɚɱɟɧɢɹ ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɢɡɝɢɛɟ 
ɞɨɫɬɢɝɚɥɢ βλ7 Ɇɉɚ. ɉɪɨɜɟɞɟɧɵ ɢɫɩɵɬɚɧɢɹ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɬɟɪɦɢɱɟɫɤɢɯ 
(ɠɚɪɨɫɬɨɣɤɨɫɬɶ ɢ ɬɟɪɦɨɫɬɨɣɤɨɫɬɶ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɞɨ 1500 °ɋ) ɫɜɨɣɫɬɜ 
ɝɨɪɹɱɟɩɪɟɫɫɨɜɚɧɧɵɯ ɤɟɪɚɦɢɱɟɫɤɢɯ ɨɛɪɚɡɰɨɜ ɧɚ ɨɫɧɨɜɟ ɭɝɥɟɪɨɞ-ɤɟɪɚɦɢɱɟɫɤɢɯ 
ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɪɚɡɥɢɱɧɨɝɨ ɫɨɫɬɚɜɚ. Ɉɩɪɟɞɟɥɟɧɵ ɢɯ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ 
ɫɜɨɣɫɬɜɚ ɩɨɫɥɟ ɬɟɪɦɢɱɟɫɤɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ, ɚ ɬɚɤɠɟ ɬɪɢɛɨɬɟɯɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ 
(ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ ɢ ɢɡɧɨɫ) ɝɨɪɹɱɟɩɪɟɫɫɨɜɚɧɧɵɯ ɨɛɪɚɡɰɨɜ ɧɚ ɨɫɧɨɜɟ ɭɝɥɟɪɨɞ-
ɤɟɪɚɦɢɱɟɫɤɢɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɪɚɡɥɢɱɧɨɝɨ ɫɨɫɬɚɜɚ. Ʉɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ ɜ 
ɩɚɪɟ ɫɨ ɫɬɚɥɶɸ λ5ɏ1κ ɧɟ ɩɪɟɜɵɲɚɥ 0,βλ ɡɚ 60 ɦɢɧ. 

 
ɋɩɢɫɨɤ ɢɫɬɨɱɧɢɤɨɜ 
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ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ // Ɍɪɭɞɵ ɆȺɂ. β01γ. № 67. URL: https://mai.ru/upload/iblock/57e/ 
57e4cd1f09a45018e47f27cb108d52fc.pdf. 
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ɪɚɫɩɥɚɜɚ, ɩɭɬɟɦ ɫɤɚɧɢɪɨɜɚɧɢɹ ɩɨɫɬɪɨɟɧɵ ɦɧɨɝɨɫɥɨɣɧɵɟ ɤɚɪɬɵ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɯɢɦɢɱɟ-
ɫɤɢɯ ɷɥɟɦɟɧɬɨɜ. ɋɪɟɡ ɦɢɤɪɨɩɪɨɜɨɞɚ ɩɪɢɝɨɬɨɜɥɟɧ ɢɨɧɧɨɣ ɪɟɡɤɨɣ ɢɨɧɚɦɢ Ar ɬɚɤ, ɱɬɨɛɵ 
ɢɫɤɥɸɱɢɬɶ ɩɨɫɬɨɪɨɧɧɢɟ ɩɪɢɦɟɫɢ ɜ ɩɪɨɰɟɫɫɟ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɨɛɪɚɡɰɚ. Ɉɛɧɚɪɭɠɟɧɨ, ɱɬɨ 
ɩɨɦɢɦɨ ɦɢɤɪɨɜɤɥɸɱɟɧɢɣ DyFeB ɜ ɧɢɯ ɢɦɟɸɬɫɹ ɜɤɥɸɱɟɧɢɹ Pr. Ɉɩɪɟɞɟɥɟɧɵ ɪɚɡɦɟɪɵ ɷɬɢɯ 
ɜɤɥɸɱɟɧɢɣ (0,5–5 ɦɤɦ) ɢ ɫɬɟɩɟɧɶ ɨɞɧɨɪɨɞɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɜ ɚɦɨɪɮɧɨɣ ɱɚɫɬɢ 
ɦɢɤɪɨɩɪɨɜɨɞɨɜ. ɍɫɬɚɧɨɜɥɟɧɨ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɯɢɦɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ ɜ ɞɜɭɯɫɥɨɣɧɵɯ ɦɢɤɪɨɩɪɨ-
ɜɨɞɚɯ, ɩɨɥɭɱɟɧɧɵɯ ɧɚɩɵɥɟɧɢɟɦ ɫɥɨɹ ɠɟɥɟɡɚ ɧɚ ɢɫɯɨɞɧɵɣ ɦɢɤɪɨɩɪɨɜɨɞ PrDyFeCoB. 
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Abstract. Multilayer maps of the distribution of chemical elements are constructed by scan-
ning in PrDyFeCoB microwires obtained by extraction of a hanging melt drop. The section  
of the microwire was prepared by ion cutting with Ar ions, so as to exclude foreign impurities 
during the preparation of the sample. It was found that in addition to DyFeB microinclusions, 
there are Pr inclusions in them. The sizes of these inclusions (of 0.5–5 microns) and the degree 
of uniformity of the distribution of elements in the amorphous part of the microwires are deter-
mined. The distribution of chemical elements in two-layer microwires obtained by magnetron 
sputtering an iron layer on the initial PrDyFeCoB microwires is established. 

Keywords: amorphous microwires, rare-earth alloys, magnetic phases, chemical analysis, 
microinclusions, microstructure, rapid quenching 
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ȼɜɟɞɟɧɢɟ 

ɂɧɬɟɪɟɫ ɤ ɪɟɞɤɨɡɟɦɟɥɶɧɵɦ ɦɢɤɪɨɦɚɝɧɢɬɚɦ RE–TM–B (ɜ ɱɚɫɬɧɨɫɬɢ, ɤ ɦɢɤɪɨɩɪɨ-
ɜɨɞɚɦ) ɨɛɭɫɥɨɜɥɟɧ ɜɨɡɦɨɠɧɵɦɢ ɢɯ ɩɪɟɢɦɭɳɟɫɬɜɚɦɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɦɢɤɪɨɦɚɝɧɢɬɚɦɢ, 
ɢɡɝɨɬɨɜɥɟɧɧɵɦɢ ɢɡ ɩɟɪɟɯɨɞɧɵɯ ɦɟɬɚɥɥɨɜ. ɗɬɢ ɩɪɟɢɦɭɳɟɫɬɜɚ ɡɚɤɥɸɱɚɸɬɫɹ ɜ ɛɨɥɶɲɟɣ 
ɨɫɬɚɬɨɱɧɨɣ ɧɚɦɚɝɧɢɱɟɧɧɨɫɬɢ ɢ ɤɨɷɪɰɢɬɢɜɧɨɣ ɫɢɥɟ, ɤɨɬɨɪɵɟ ɢɡɜɟɫɬɧɵ ɞɥɹ ɦɚɤɪɨɫɤɨɩɢ-
ɱɟɫɤɢɯ ɦɚɝɧɢɬɨɜ RE–TM–B [1–6Ж. ɋɩɥɚɜɵ RE–TM–B ɨɛɥɚɞɚɸɬ ɬɚɤɠɟ ɡɧɚɱɢɬɟɥɶɧɨɣ 
ɦɚɝɧɢɬɨɫɬɪɢɤɰɢɟɣ, ɧɚ ɩɨɪɹɞɨɤ ɩɪɟɜɵɲɚɸɳɟɣ ɦɚɝɧɢɬɨɫɬɪɢɤɰɢɸ ɩɟɪɟɯɨɞɧɵɯ ɦɟɬɚɥɥɨɜ 
Д7Ж. ɗɬɨ ɞɟɥɚɟɬ ɢɯ ɩɟɪɫɩɟɤɬɢɜɧɵɦɢ ɞɥɹ ɫɬɪɟɣɧɬɪɨɧɢɤɢ ДκЖ ɢ ɩɪɚɤɬɢɱɟɫɤɢɯ ɩɪɢɥɨɠɟɧɢɣ, 
ɜ ɤɨɬɨɪɵɯ ɬɪɟɛɭɟɬɫɹ ɭɩɪɚɜɥɟɧɢɟ ɞɨɦɟɧɧɨɣ ɫɬɪɭɤɬɭɪɨɣ ɫ ɩɨɦɨɳɶɸ ɦɟɯɚɧɢɱɟɫɤɢɯ 
ɧɚɩɪɹɠɟɧɢɣ. ɍɥɭɱɲɟɧɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɢɤɪɨɦɚɝɧɢɬɨɜ ɹɜɥɹɟɬɫɹ ɩɪɟɞɦɟɬɨɦ ɢɧɬɟɧɫɢɜ-
ɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜ ɦɟɞɢɰɢɧɟ ɢ ɛɢɨɥɨɝɢɢ ɞɥɹ ɫɨɡɞɚɧɢɹ ɦɚɝɧɢɬɧɵɯ ɦɢɤɪɨɩɢɧɰɟɬɨɜ  
[9–1βЖ ɢ ɜ ɦɢɤɪɨɪɨɛɨɬɨɬɟɯɧɢɤɟ, ɤɨɬɨɪɚɹ ɧɭɠɞɚɟɬɫɹ ɜ ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɢɯ ɦɚɝɧɢɬɚɯ ɫ ɡɚ-
ɞɚɧɧɵɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɧɚɦɚɝɧɢɱɟɧɧɨɫɬɢ Д1γ–17]. 

ȼ ɪɚɧɟɟ ɨɩɭɛɥɢɤɨɜɚɧɧɵɯ ɪɚɛɨɬɚɯ ɫɨɨɛɳɚɥɨɫɶ, ɱɬɨ ɩɪɢ ɨɩɪɟɞɟɥɟɧɧɵɯ ɭɫɥɨɜɢɹɯ 
ɛɵɫɬɪɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɦɢɤɪɨɩɪɨɜɨɞɨɜ, ɜɵɬɹɝɢɜɚɟɦɵɯ ɢɡ ɪɚɫɩɥɚɜɚ ɢ ɨɯɥɚɠɞɚɟɦɵɯ ɧɚ 
ɜɪɚɳɚɸɳɟɦɫɹ ɰɢɥɢɧɞɪɟ, ɧɚɛɥɸɞɚɟɬɫɹ ɜɵɩɚɞɟɧɢɟ ɦɢɤɪɨɜɤɥɸɱɟɧɢɣ α-Fe Д1κЖ. ɉɪɢ 
ɨɩɪɟɞɟɥɟɧɧɵɯ ɭɫɥɨɜɢɹɯ ɧɚɛɥɸɞɚɟɬɫɹ ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɵɣ ɪɨɫɬ ɞɜɭɯɫɥɨɣɧɵɯ ɦɢɤɪɨɩɪɨ-
ɜɨɞɨɜ, ɜ ɤɨɬɨɪɵɯ ɢɦɟɟɬɫɹ ɹɞɪɨ Fe ɢ ɨɛɨɥɨɱɤɚ ɚɦɨɪɮɧɨ-ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɫɩɥɚɜɚ  
RE–TM–B Д1λЖ. ɉɨɫɤɨɥɶɤɭ ɪɟɠɢɦ ɡɚɬɜɟɪɞɟɜɚɧɢɹ ɦɢɤɪɨɩɪɨɜɨɞɨɜ ɧɟɨɛɵɱɟɧ – ɨɯɥɚɠɞɟ-
ɧɢɟ ɩɪɨɢɫɯɨɞɢɬ ɫɨ ɫɤɨɪɨɫɬɶɸ з106 Ʉ/ɫ, ɩɨɥɭɱɟɧɧɵɟ ɨɛɪɚɡɰɵ ɧɚɯɨɞɹɬɫɹ ɜ ɫɢɥɶɧɨ ɧɟɪɚɜ-
ɧɨɜɟɫɧɨɦ ɫɨɫɬɨɹɧɢɢ, ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɜɵɫɨɤɢɦɢ ɜɧɭɬɪɟɧɧɢɦɢ ɦɟɯɚɧɢɱɟɫɤɢɦ ɧɚɩɪɹɠɟ-
ɧɢɹɦɢ Дβ0Ж, ɫɭɳɟɫɬɜɟɧɧɵɦɢ ɜɚɪɢɚɰɢɹɦɢ ɮɚɡɨɜɨɝɨ ɢ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɩɪɢ ɧɟɛɨɥɶ-
ɲɢɯ ɢɡɦɟɧɟɧɢɹɯ ɪɟɠɢɦɚ ɷɤɫɬɪɚɤɰɢɢ. ɉɨɷɬɨɦɭ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɟ ɦɢɤɪɨɩɪɨɜɨɞɚ  
(ɯɨɬɹ ɢ ɨɛɥɚɞɚɸɬ ɩɨɬɟɧɰɢɚɥɶɧɨ ɩɪɢɜɥɟɤɚɬɟɥɶɧɵɦɢ ɮɢɡɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ) ɯɚɪɚɤɬɟ-
ɪɢɡɭɸɬɫɹ ɫɥɨɠɧɵɦ ɚɧɚɥɢɡɨɦ ɢɯ ɫɨɫɬɨɹɧɢɹ ɢ ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ ɟɝɨ ɦɧɨɝɨɤɪɚɬɧɨɝɨ ɩɨ-
ɜɬɨɪɟɧɢɹ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɞɚɠɟ ɩɪɨɦɵɲɥɟɧɧɨ ɩɪɨɢɡɜɨɞɢɦɵɟ ɚɦɨɪɮɧɵɟ ɦɢɤɪɨ-
ɩɪɨɜɨɞɚ FeSi ɜ ɫɬɟɤɥɹɧɧɨɣ ɨɛɨɥɨɱɤɟ ɢɦɟɸɬ ɡɧɚɱɢɬɟɥɶɧɵɣ ɪɚɡɛɪɨɫ ɡɧɚɱɟɧɢɣ ɦɚɝɧɢɬɧɵɯ 
ɫɜɨɣɫɬɜ Дβ1–27].  

ɉɪɨɛɥɟɦɚ ɯɢɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɩɨɥɭɱɟɧɧɵɯ ɦɢɤɪɨɩɪɨɜɨɞɨɜ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, 
ɱɬɨ ɫɤɚɧɢɪɭɸɳɢɣ ɷɥɟɤɬɪɨɧɧɵɣ ɦɢɤɪɨɫɤɨɩ ɨɛɵɱɧɨ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɢɬɶ ɩɨɜɟɪɯɧɨɫɬ-
ɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɷɥɟɦɟɧɬɨɜ ɧɚ ɫɪɟɡɟ ɦɢɤɪɨɩɪɨɜɨɞɚ ɧɚ ɝɥɭɛɢɧɟ з10 ɧɦ. ɋ ɨɞɧɨɣ ɫɬɨɪɨɧɵ, 
ɩɪɢ ɷɬɨɦ ɜɫɟɝɞɚ ɜɨɡɧɢɤɚɸɬ ɜɨɩɪɨɫɵ ɤ ɤɚɱɟɫɬɜɭ ɫɪɟɡɚ ɢ ɩɪɢɜɧɟɫɟɧɢɸ ɧɚ ɟɝɨ ɩɨɜɟɪɯ-
ɧɨɫɬɶ ɩɨɫɬɨɪɨɧɧɢɯ ɷɥɟɦɟɧɬɨɜ ɪɟɠɭɳɢɦ ɢɧɫɬɪɭɦɟɧɬɨɦ (ɨɛɵɱɧɨ ɠɟɥɟɡɚ, ɢɡɦɟɪɟɧɢɟ ɩɪɢ-
ɫɭɬɫɬɜɢɹ ɤɨɬɨɪɨɝɨ ɢɦɟɟɬ ɩɪɢɧɰɢɩɢɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ). ɋ ɞɪɭɝɨɣ ɫɬɨɪɨ-
ɧɵ, ɨɤɢɫɥɟɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɞɟɮɨɪɦɚɰɢɹ ɫɪɟɡɚ ɦɨɝɭɬ ɩɪɢɜɟɫɬɢ ɤ ɧɟɜɟɪɧɵɦ ɩɪɟɞɫɬɚɜ-
ɥɟɧɢɹɦ ɨ ɯɢɦɢɱɟɫɤɨɦ ɫɨɫɬɚɜɟ, ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɫɢɥɶɧɨ ɨɬɥɢɱɚɬɶɫɹ ɧɚ ɫɪɟɡɟ ɨɬ ɫɨɫɬɚɜɚ ɜ 
ɨɛɴɟɦɟ ɦɢɤɪɨɩɪɨɜɨɞɚ. ȼ ɫɟɪɢɢ ɪɚɧɟɟ ɨɩɭɛɥɢɤɨɜɚɧɧɵɯ ɪɚɛɨɬ, ɝɞɟ ɧɚɛɥɸɞɚɥɨɫɶ ɨɛɦɟɧ-
ɧɨɟ ɫɦɟɳɟɧɢɟ ɩɟɬɥɢ ɝɢɫɬɟɪɟɡɢɫɚ (ɈɋɉȽ), ɜɵɫɤɚɡɚɧɨ ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɨ ɬɨɦ, ɱɬɨ ɟɝɨ ɜɨɡ-
ɧɢɤɧɨɜɟɧɢɟ ɫɜɹɡɚɧɨ ɫ ɧɚɥɢɱɢɟɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɠɞɭ ɮɟɪɪɨɦɚɝɧɢɬɧɵɦ ɠɟɥɟɡɨɦ ɢ 
ɮɟɪɪɢɦɚɝɧɢɬɧɵɦ ɫɩɥɚɜɨɦ DyPrFeCoB. Ɉɞɧɚɤɨ ɞɥɹ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɈɋɉȽ ɨɤɚɡɵɜɚɟɬɫɹ 
ɧɟ ɨɛɹɡɚɬɟɥɶɧɵɦ ɢɦɟɬɶ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɚɬɟɪɢɚɥɨɜ ɫ ɪɚɡɧɵɦ ɡɧɚɤɨɦ ɈɋɉȽ. ɇɟɨɛɯɨ-
ɞɢɦɵɟ ɭɫɥɨɜɢɹ ɦɨɝɭɬ ɛɵɬɶ ɫɨɡɞɚɧɵ ɩɪɢ ɜɵɫɨɤɢɯ ɡɧɚɱɟɧɢɹɯ ɦɚɝɧɢɬɨɭɩɪɭɝɢɯ ɤɨɧɫɬɚɧɬ ɢ 
ɫɭɳɟɫɬɜɟɧɧɵɯ ɜɧɭɬɪɟɧɧɢɯ ɧɚɩɪɹɠɟɧɢɹɯ, ɤɚɤ ɷɬɨ ɢ ɢɦɟɟɬ ɦɟɫɬɨ ɜ ɛɵɫɬɪɨ ɨɯɥɚɠɞɟɧɧɵɯ 
ɪɟɞɤɨɡɟɦɟɥɶɧɵɯ ɦɢɤɪɨɩɪɨɜɨɞɚɯ. Ʉɪɨɦɟ ɬɨɝɨ, ɟɫɥɢ ɫɥɭɱɚɣɧɵɟ ɜɤɥɸɱɟɧɢɹ ɩɪɢɜɨɞɹɬ ɤ 
ɈɋɉȽ, ɬɨ ɢ ɢɫɤɭɫɫɬɜɟɧɧɨ ɫɨɡɞɚɧɧɵɣ ɫɥɨɣ ɠɟɥɟɡɚ ɬɚɤɠɟ ɞɨɥɠɟɧ ɜɵɡɵɜɚɬɶ ɚɧɚɥɨɝɢɱɧɵɣ 
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ɷɮɮɟɤɬ. Ɋɟɲɟɧɢɟ ɷɬɢɯ ɜɨɩɪɨɫɨɜ ɬɪɟɛɭɟɬ ɬɳɚɬɟɥɶɧɨɝɨ ɚɧɚɥɢɡɚ ɬɢɩɚ ɜɤɥɸɱɟɧɢɣ, ɩɪɢɫɭɬ-
ɫɬɜɭɸɳɢɯ ɜ ɦɢɤɪɨɩɪɨɜɨɞɚɯ, ɢɯ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɢ ɪɚɡɦɟɪɨɜ. ɉɨɷɬɨɦɭ ɰɟɥɶ ɞɚɧɧɨɣ 
ɪɚɛɨɬɵ ɡɚɤɥɸɱɚɥɚɫɶ ɜ ɭɫɬɚɧɨɜɥɟɧɢɢ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ ɩɨɫɥɨɣɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɯɢ-
ɦɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ ɜ ɩɨɩɟɪɟɱɧɨɦ ɫɟɱɟɧɢɢ ɛɵɫɬɪɨ ɨɯɥɚɠɞɟɧɧɨɝɨ ɚɦɨɪɮɧɨɝɨ ɦɢɤɪɨ-
ɩɪɨɜɨɞɚ PrDyFeCoB ɢ ɜ ɨɛɧɚɪɭɠɟɧɢɢ ɬɢɩɨɜ ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɨ ɨɛɪɚɡɨɜɚɜɲɢɯɫɹ ɜɤɥɸɱɟ-
ɧɢɣ ɞɪɭɝɨɣ ɮɚɡɵ ɜ ɧɟɦ, ɚ ɬɚɤɠɟ ɜ ɩɨɥɭɱɟɧɢɢ ɞɚɧɧɵɯ ɨ ɮɨɪɦɢɪɨɜɚɧɢɢ ɨɛɨɥɨɱɤɢ α-Fe ɧɚ 
ɬɚɤɢɯ ɦɢɤɪɨɩɪɨɜɨɞɚɯ ɩɪɢ ɦɚɝɧɟɬɪɨɧɧɨɦ ɧɚɩɵɥɟɧɢɢ. 

 
Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ 

Ɇɢɤɪɨɩɪɨɜɨɞɚ ɩɨɥɭɱɟɧɵ ɦɟɬɨɞɨɦ ɷɤɫɬɪɚɤɰɢɢ ɜɢɫɹɳɟɣ ɤɚɩɥɢ ɪɚɫɩɥɚɜɚ. Ɋɚɫɩɥɚɜ 
PrDвFОCШψ ɨɛɪɚɡɨɜɵɜɚɥɫɹ ɧɚ ɝɪɚɧɢ ɫɩɟɱɟɧɧɨɝɨ ɦɚɝɧɢɬɚ, ɪɚɡɨɝɪɟɜɚɟɦɨɝɨ ɷɥɟɤɬɪɨɧɧɵɦ 
ɩɭɱɤɨɦ. ȼɪɚɳɚɸɳɢɣɫɹ ɜɨɞɨɨɯɥɚɠɞɚɟɦɵɣ ɥɚɬɭɧɧɵɣ ɰɢɥɢɧɞɪ ɡɚɯɜɚɬɵɜɚɥ ɠɢɞɤɭɸ ɤɚɩ-
ɥɸ ɢ ɜɵɬɹɝɢɜɚɥ ɞɥɢɧɧɭɸ ɧɢɬɶ, ɤɨɬɨɪɚɹ ɨɯɥɚɠɞɚɥɚɫɶ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɰɢɥɢɧɞɪɚ, ɜɪɚɳɚ-
ɸɳɟɝɨɫɹ ɫ ɥɢɧɟɣɧɨɣ ɫɤɨɪɨɫɬɶɸ β0–55 ɦ/М. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɞɨɫɬɢɝɚɬɶ ɫɤɨɪɨɫɬɢ ɨɯɥɚɠɞɟ-
ɧɢɹ ɪɚɫɩɥɚɜɚ з(105–106 ) Ʉ/ɫ. ɐɢɥɢɧɞɪ ɢɦɟɟɬ ɩɪɨɬɨɱɧɨɟ ɜɨɞɹɧɨɟ ɨɯɥɚɠɞɟɧɢɟ, ɜ ɨɬɥɢɱɢɟ 
ɨɬ ɦɟɞɧɨɝɨ ɞɢɫɤɚ ɜ ɦɟɬɨɞɟ ɫɩɢɧɧɢɧɝɨɜɚɧɢɹ, ɩɪɨɰɟɫɫ ɨɯɥɚɠɞɟɧɢɹ ɧɚ ɤɨɬɨɪɨɦ ɩɪɨɢɫɯɨ-
ɞɢɬ ɡɚ ɫɱɟɬ ɬɟɩɥɨɨɛɦɟɧɚ ɫ ɦɚɫɫɢɜɧɵɦ (ɦɚɫɫɨɣ з50 ɤɝ) ɦɟɞɧɵɦ ɞɢɫɤɨɦ ɞɢɚɦɟɬɪɨɦ 
300 ɦɦ ɢ ɬɨɥɳɢɧɨɣ 150 ɦɦ. ȿɳɟ ɨɞɧɨɣ ɨɬɥɢɱɢɬɟɥɶɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɹɜɥɹɟɬɫɹ ɧɚɥɢɱɢɟ 
ɨɫɬɪɨɣ ɤɪɨɦɤɢ ɧɚ ɞɢɫɤɟ-ɷɤɫɬɪɚɤɬɨɪɟ, ɫ ɤɨɬɨɪɨɣ ɩɪɨɢɫɯɨɞɢɬ ɤɨɧɬɚɤɬ ɩɨɞɚɜɚɟɦɨɣ ɜɢɫɹ-
ɳɟɣ ɤɚɩɥɢ ɪɚɫɩɥɚɜɚ – ɩɪɨɢɫɯɨɞɢɬ ɷɤɫɬɪɚɤɰɢɹ ɪɚɫɩɥɚɜɚ ɢ ɜɵɛɪɨɫ ɷɬɨɣ ɤɚɩɥɢ ɜ ɫɜɨɛɨɞ-
ɧɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ ɤɚɦɟɪɵ ɭɫɬɚɧɨɜɤɢ. Ɂɚ ɫɱɟɬ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ ɢ ɦɟɧɶɲɟɝɨ 
ɤɨɧɬɚɤɬɚ ɪɚɫɩɥɚɜɚ ɫ ɞɢɫɤɨɦ-ɷɤɫɬɪɚɤɬɨɪɨɦ ɞɚɧɧɵɦ ɦɟɬɨɞɨɦ ɜɨɡɦɨɠɧɨ ɩɨɥɭɱɚɬɶ ɦɢɤɪɨ-
ɩɪɨɜɨɞɚ ɫ ɫɟɱɟɧɢɟɦ, ɛɥɢɡɤɢɦ ɤ ɤɪɭɝɥɨɣ ɮɨɪɦɟ. 

Ɋɚɧɟɟ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɩɪɢ ɦɟɞɥɟɧɧɵɯ ɫɤɨɪɨɫɬɹɯ ɜɪɚɳɟɧɢɹ ɰɢɥɢɧɞɪɚ ɨɛɪɚɡɭɸɬɫɹ 
ɦɢɤɪɨɩɪɨɜɨɞɚ ɫ ɦɢɤɪɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɨɣ, ɫɨɞɟɪɠɚɳɢɟ ɫɢɥɶɧɨ-ɦɚɝɧɢɬɧɭɸ 
ɮɚɡɭ β-14-1 ɢ ɢɦɟɸɳɢɟ ɜɵɫɨɤɭɸ ɤɨɷɪɰɢɬɢɜɧɭɸ ɫɢɥɭ. ɉɪɢ ɜɵɫɨɤɢɯ ɫɤɨɪɨɫɬɹɯ ɜɪɚɳɟ-
ɧɢɹ ɰɢɥɢɧɞɪɚ ɨɛɪɚɡɭɸɬɫɹ ɦɢɤɪɨɩɪɨɜɨɞɚ, ɜ ɤɨɬɨɪɵɯ ɞɨɥɹ ɚɦɨɪɮɧɨɣ ɮɚɡɵ ɜɵɫɨɤɚ (ɦɨ-
ɠɟɬ ɞɨɫɬɢɝɚɬɶ κ6 %), ɚ ɬɚɤɠɟ ɩɪɢɫɭɬɫɬɜɭɸɬ ɫɥɚɛɨ-ɦɚɝɧɢɬɧɵɟ ɮɟɪɪɢɦɚɝɧɢɬɧɵɟ ɮɚɡɵ  
1-4-1, 2-1 ɢ ɞɪ. Д1γЖ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɞɛɨɪ ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ ɨɯɥɚɠɞɚɸɳɟɝɨ ɰɢɥɢɧ-
ɞɪɚ ɩɨɡɜɨɥɹɥ ɪɟɝɭɥɢɪɨɜɚɬɶ ɮɚɡɨɜɵɣ ɫɨɫɬɚɜ ɦɢɤɪɨɩɪɨɜɨɞɨɜ.  

ȼ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɜɚ ɬɢɩɚ ɦɢɤɪɨɩɪɨɜɨɞɨɜ PrDyFeCoB:  
– ɦɢɤɪɨɩɪɨɜɨɞɚ ɫ ɜɤɥɸɱɟɧɢɹɦɢ, ɫɩɨɧɬɚɧɧɨ ɨɛɪɚɡɨɜɚɜɲɢɦɢɫɹ ɜ ɦɚɬɪɢɰɟ PrDyFeCoB 

ɜ ɩɪɨɰɟɫɫɟ ɛɵɫɬɪɨɝɨ ɨɯɥɚɠɞɟɧɢɹ; 
– ɚɦɨɪɮɧɵɟ ɦɢɤɪɨɩɪɨɜɨɞɚ ɫ ɨɛɨɥɨɱɤɨɣ α-Fe, ɫɨɡɞɚɧɧɨɣ ɦɟɬɨɞɨɦ ɦɚɝɧɟɬɪɨɧɧɨɝɨ 

ɧɚɩɵɥɟɧɢɹ. 
ɉɨɥɭɱɟɧɵ ɦɢɤɪɨɩɪɨɜɨɞɚ ɞɢɚɦɟɬɪɨɦ 60–70 ɦɤɦ ɢ ɞɥɢɧɨɣ 5–10 ɦɦ. Ⱦɥɹ ɧɚɩɵɥɟ-

ɧɢɹ ɧɚ ɧɢɯ ɫɥɨɹ ɠɟɥɟɡɚ ɢɫɩɨɥɶɡɨɜɚɥɢ ɦɚɝɧɟɬɪɨɧ ɫ ɜɚɤɭɭɦɨɦ 0,1  ɉɚ ɢ ɫ ɦɢɲɟɧɶɸ α-Fe 
(ɱɢɫɬɨɬɚ λλ,λ %). ɉɟɪɟɞ ɧɚɩɵɥɟɧɢɟɦ ɩɨɜɟɪɯɧɨɫɬɶ ɦɢɤɪɨɩɪɨɜɨɞɨɜ ɬɳɚɬɟɥɶɧɨ ɩɪɨɦɵɜɚ-
ɥɢ ɢ ɨɛɟɡɠɢɪɢɜɚɥɢ ɜ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɜɚɧɧɟ ɫ ɚɰɟɬɨɧɨɦ. Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶ 
ɪɚɜɧɨɦɟɪɧɨɟ ɧɚɩɵɥɟɧɢɟ ɠɟɥɟɡɚ ɫɨ ɜɫɟɯ ɫɬɨɪɨɧ ɦɢɤɪɨɩɪɨɜɨɞɚ, ɜ ɩɪɨɰɟɫɫɟ ɧɚɩɵɥɟɧɢɹ 
ɦɢɤɪɨɩɪɨɜɨɞ ɜɪɚɳɚɥɢ ɫ ɩɨɦɨɳɶɸ ɫɩɟɰɢɚɥɶɧɨ ɫɤɨɧɫɬɪɭɢɪɨɜɚɧɧɨɝɨ ɞɟɪɠɚɬɟɥɹ.  

Ⱦɥɹ ɭɫɬɚɧɨɜɥɟɧɢɹ ɮɚɤɬɚ ɧɚɥɢɱɢɹ ɜɤɥɸɱɟɧɢɣ ɢ ɨɩɪɟɞɟɥɟɧɢɹ ɢɯ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨ-
ɫɬɚɜɚ ɢɫɩɨɥɶɡɨɜɚɧɚ ɦɟɬɨɞɢɤɚ, ɩɨɡɜɨɥɹɸɳɚɹ ɩɪɨɢɡɜɨɞɢɬɶ ɦɧɨɝɨɤɪɚɬɧɨɟ ɫɤɚɧɢɪɨɜɚɧɢɟ 
ɩɪɢ ɪɚɡɧɵɯ ɝɥɭɛɢɧɚɯ ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɷɥɟɤɬɪɨɧɨɜ ɜ ɦɚɬɟɪɢɚɥ. ɉɪɢ ɷɬɨɦ ɧɚɥɨɠɟɧɢɟ ɫɤɚ-
ɧɨɜ ɞɚɟɬ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨɛ ɨɛɴɟɦɧɨɦ ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɷɥɟɦɟɧɬɨɜ. ɗɥɟɤɬɪɨɧɧɨ-
ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɢɟ ɢɡɨɛɪɚɠɟɧɢɹ, ɪɟɡɭɥɶɬɚɬ ɷɧɟɪɝɨɞɢɫɩɟɪɫɢɨɧɧɨɝɨ ɯɢɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ 
ɢ ɤɚɪɬɢɪɨɜɚɧɢɟ  ɯɢɦɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ ɜ ɬɨɪɰɟ ɦɢɤɪɨɩɪɨɜɨɞɨɜ ɩɨɥɭɱɟɧɵ ɫ ɩɨɦɨɳɶɸ 
ɫɤɚɧɢɪɭɸɳɟɝɨ ɷɥɟɤɬɪɨɧɧɨɝɨ ɦɢɤɪɨɫɤɨɩɚ ɫɜɟɪɯɜɵɫɨɤɨɝɨ ɪɚɡɪɟɲɟɧɢɹ Tescan Clara.  
ɉɨɩɟɪɟɱɧɵɣ ɫɪɟɡ ɦɢɤɪɨɩɪɨɜɨɞɨɜ ɜɵɩɨɥɧɟɧ ɧɚ ɭɫɬɚɧɨɜɤɟ ɢɨɧɧɨɝɨ ɬɪɚɜɥɟɧɢɹ ɢ ɢɨɧɧɨɣ 
ɩɨɥɢɪɨɜɤɢ Technoorg Linda SEMPrepβ. ɂɨɧɧɚɹ ɪɟɡɤɚ ɢɨɧɚɦɢ Ar– ɞɥɢɬɫɹ β,5 ɱ, ɱɬɨ ɩɨɡ-
ɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɫɪɟɡ, ɧɟ ɡɚɝɪɹɡɧɟɧɧɵɣ ɩɨɫɬɨɪɨɧɧɢɦɢ ɚɬɨɦɚɦɢ. 
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Ɋɟɡɭɥɶɬɚɬɵ ɢ ɨɛɫɭɠɞɟɧɢɹ 
ɇɚ ɪɢɫ. 1 ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɮɥɟɤɫɵ ɷɥɟɤɬɪɨɧɧɨɣ ɞɢɮɪɚɤɰɢɢ ɦɢɤɪɨɩɪɨɜɨɞɨɜ ɬɢɩɨɜ 

1 ɢ 2 ɫ ɠɟɥɟɡɧɨɣ ɨɛɨɥɨɱɤɨɣ.  
 

ɛ)ɚ)

 
Ɋɢɫ. 1. ɂɡɨɛɪɚɠɟɧɢɟ, ɩɨɥɭɱɟɧɧɨɟ ɫ ɩɨɦɨɳɶɸ ɩɪɨɫɜɟɱɢɜɚɸɳɟɣ ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ 

ɜɵɫɨɤɨɝɨ ɪɚɡɪɟɲɟɧɢɹ,  ɢ ɪɟɮɥɟɤɫɵ ɷɥɟɤɬɪɨɧɧɨɣ ɞɢɮɪɚɤɰɢɢ ɨɛɪɚɡɰɨɜ ɬɢɩɨɜ 1 (ɚ) ɢ 2 (ɛ) 
 
ɋɩɟɤɬɪ ɧɚ ɪɢɫ. 1, ɚ ɩɨɥɭɱɟɧ ɜ ɰɟɧɬɪɚɥɶɧɨɣ ɨɛɥɚɫɬɢ ɦɢɤɪɨɩɪɨɜɨɞɚ, ɞɚɥɟɤɨɣ ɨɬ 

ɧɚɩɵɥɟɧɧɨɣ ɨɛɨɥɨɱɤɢ, ɬɚɤ ɱɬɨ ɟɝɨ ɫɥɟɞɭɟɬ ɨɬɧɨɫɢɬɶ ɤ ɦɚɬɟɪɢɚɥɭ ɦɢɤɪɨɩɪɨɜɨɞɚ. ȼɢɞɧɨ, 
ɱɬɨ ɨɛɪɚɡɰɵ ɬɢɩɚ 1 ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɚɦɨɪɮɧɵɣ ɦɚɬɟɪɢɚɥ ɫ ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɦɢ 
ɜɤɥɸɱɟɧɢɹɦɢ. ɉɨɷɬɨɦɭ ɧɚ ɷɥɟɤɬɪɨɧɨɝɪɚɦɦɟ ɧɚɛɥɸɞɚɸɬɫɹ ɫɩɥɨɲɧɵɟ ɤɨɥɶɰɚ, ɭɤɚɡɵɜɚ-
ɸɳɢɟ ɧɚ ɩɪɢɫɭɬɫɬɜɢɟ ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɫɬɪɭɤɬɭɪɧɨɝɨ ɛɟɫɩɨɪɹɞɤɚ. ɇɚ ɪɢɫ. 1, ɛ ɫɩɟɤɬɪ ɫɨ-
ɞɟɪɠɢɬ ɤɪɨɦɟ ɫɩɥɨɲɧɵɯ ɤɨɥɟɰ ɬɨɱɟɱɧɵɟ ɪɟɮɥɟɤɫɵ, ɤɨɬɨɪɵɟ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɫɨɨɬɜɟɬ-
ɫɬɜɭɸɬ ɫɥɨɸ ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɠɟɥɟɡɚ, ɧɚɩɵɥɟɧɧɨɝɨ ɧɚ ɦɢɤɪɨɩɪɨɜɨɞ. 

ɇɚ ɪɢɫ. β ɩɪɢɜɟɞɟɧɵ ɷɥɟɤɬɪɨɧɧɨ-ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɬɨɪɰɚ ɦɢɤɪɨ-
ɩɪɨɜɨɞɚ ɬɢɩɚ 1 (ɪɢɫ. 2, ɚ) ɢ ɪɟɡɭɥɶɬɚɬ ɷɧɟɪɝɨɞɢɫɩɟɪɫɢɨɧɧɨɝɨ ɯɢɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɜ ɜɢ-
ɞɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɯɢɦɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ (Fe, Co, Pr, Dy) ɧɚ ɬɨɪɰɟ ɦɢɤɪɨɩɪɨɜɨɞɚ ɬɢɩɚ 1, 
ɩɨɥɭɱɟɧɧɵɯ ɩɪɢ ɭɫɤɨɪɹɸɳɟɦ ɧɚɩɪɹɠɟɧɢɢ 15 ɤȼ (ɪɢɫ. β, ɛ–ɞ).  

 
ɚ)

ɛ) ɜ) ɝ) ɞ)

 
Ɋɢɫ. β. ɗɥɟɤɬɪɨɧɧɨ-ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɬɨɪɰɚ ɦɢɤɪɨɩɪɨɜɨɞɚ ɬɢɩɚ 1 (ɚ) ɢ ɪɚɫ-

ɩɪɟɞɟɥɟɧɢɹ ɯɢɦɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ ɧɚ ɬɨɪɰɟ ɷɬɨɝɨ ɦɢɤɪɨɩɪɨɜɨɞɚ (ɛ–ɞ), ɨɩɪɟɞɟɥɟɧɧɵɟ ɦɟɬɨɞɨɦ 
ɷɧɟɪɝɨɞɢɫɩɟɪɫɢɨɧɧɨɝɨ ɯɢɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɩɪɢ ɭɫɤɨɪɹɸɳɟɦ ɧɚɩɪɹɠɟɧɢɢ 15 ɤȼ 
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ɇɚ ɷɥɟɤɬɪɨɧɧɨ-ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɨɦ ɢɡɨɛɪɚɠɟɧɢɢ ɜɢɞɧɵ ɜɤɥɸɱɟɧɢɹ. ɍɜɟɥɢɱɟɧɢɟ 
ɹɪɤɨɫɬɢ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɭɜɟɥɢɱɟɧɢɸ ɤɨɧɰɟɧɬɪɚɰɢɢ ɤɚɠɞɨɝɨ ɷɥɟɦɟɧɬɚ. ɇɚ ɪɢɫ. β, ɛ ɯɨɪɨ-
ɲɨ ɜɢɞɧɵ ɫɜɟɬɥɵɟ ɨɛɥɚɫɬɢ ɪɚɡɦɟɪɨɦ 0,5–1 ɦɤɦ, ɤɨɬɨɪɵɟ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɥɨɤɚɥɶɧɨɦɭ 
ɨɛɨɝɚɳɟɧɢɸ ɠɟɥɟɡɨɦ, ɯɨɬɹ ɢɡɦɟɧɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɤɨɛɚɥɶɬɚ ɜ ɷɬɢɯ ɨɛɥɚɫɬɹɯ ɧɟ 
ɧɚɛɥɸɞɚɟɬɫɹ (ɪɢɫ. β, ɜ). ɇɚ ɪɢɫ. 2, ɝ ɜɢɞɧɨ, ɱɬɨ ɜ ɷɬɢɯ ɠɟ ɨɛɥɚɫɬɹɯ ɧɚɛɥɸɞɚɟɬɫɹ ɭɦɟɧɶ-
ɲɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɪɚɡɟɨɞɢɦɚ. ɉɪɢ ɷɬɨɦ ɢɦɟɟɬ ɦɟɫɬɨ ɨɛɨɝɚɳɟɧɢɟ ɷɬɢɯ ɨɛɥɚɫɬɟɣ 
ɞɢɫɩɪɨɡɢɟɦ (ɪɢɫ. β, ɞ). Ɇɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɧɚɛɥɸɞɚɸɬɫɹ ɜɤɥɸɱɟɧɢɹ ɬɢɩɚ 
DyFeB, ɪɚɧɟɟ ɦɧɨɝɨɤɪɚɬɧɨ ɨɩɢɫɚɧɧɵɟ ɜ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ ɥɢɬɟɪɚɬɭɪɟ ɢ ɜɵɡɵɜɚɸɳɢɟ 
ɢɧɬɟɪɟɫ ɢɡ-ɡɚ ɢɯ ɭɧɢɤɚɥɶɧɵɯ ɦɚɝɧɢɬɧɵɯ ɫɜɨɣɫɬɜ ɜ ɚɦɨɪɮɧɨɦ ɫɨɫɬɨɹɧɢɢ, ɜ ɤɨɬɨɪɨɦ 
ɜɨɡɧɢɤɚɟɬ ɫɩɢɧɨɜɚɹ ɫɬɪɭɤɬɭɪɚ ɩɨ ɬɢɩɭ ɢɡɢɧɝɨɜɫɤɨɝɨ ɫɩɢɧɨɜɨɝɨ ɫɬɟɤɥɚ. 

ɇɚ ɪɢɫ. γ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɚ ɧɟɨɞɧɨɪɨɞɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜɤɥɸɱɟɧɢɣ ɩɨ  
ɫɟɱɟɧɢɸ ɨɛɪɚɡɰɚ. ȼ ɨɫɧɨɜɧɨɦ ɜɤɥɸɱɟɧɢɹ DyFeB ɫɨɫɪɟɞɨɬɨɱɟɧɵ ɜɛɥɢɡɢ ɩɨɜɟɪɯɧɨɫɬɢ 
ɨɛɪɚɡɰɚ, ɝɞɟ ɫɤɨɪɨɫɬɶ ɨɯɥɚɠɞɟɧɢɹ ɪɚɫɩɥɚɜɚ ɦɚɤɫɢɦɚɥɶɧɚɹ. ɗɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɬɨɦ, 
ɱɬɨ ɬɚɤɢɟ ɜɤɥɸɱɟɧɢɹ ɩɪɢ ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɷɧɟɪɝɟɬɢɱɟɫɤɢ ɧɟɜɵɝɨɞɧɵ ɢ ɡɚɮɢɤɫɢ-
ɪɨɜɚɧɵ ɜ ɚɦɨɪɮɧɨɣ ɦɚɬɪɢɰɟ ɦɢɤɪɨɩɪɨɜɨɞɚ ɩɪɢ ɟɟ ɛɵɫɬɪɨɦ ɡɚɬɜɟɪɞɟɜɚɧɢɢ, ɤɨɬɨɪɨɟ ɧɟ 
ɩɨɡɜɨɥɹɟɬ ɡɚ ɜɪɟɦɹ ɨɯɥɚɠɞɟɧɢɹ ɜɵɪɨɜɧɹɬɶ ɤɨɧɰɟɧɬɪɚɰɢɢ ɷɥɟɦɟɧɬɨɜ ɞɢɮɮɭɡɢɟɣ. 

 

β0 ɦɤɦ β ɦɤɦ

 
Ɋɢɫ. γ. ɗɥɟɤɬɪɨɧɧɨ-ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɢɟ ɢɡɨɛɪɚɠɟɧɢɹ ɬɨɪɰɚ ɦɢɤɪɨɩɪɨɜɨɞɚ ɬɢɩɚ 1 ɩɨɫɥɟ  

ɢɨɧɧɨɣ ɩɨɥɢɪɨɜɤɢ 
 
ɍɜɟɥɢɱɟɧɢɟ ɭɫɤɨɪɹɸɳɟɝɨ ɧɚɩɪɹɠɟɧɢɹ ɞɨ β0 ɤȼ ɜɟɞɟɬ ɤ ɫɤɚɧɢɪɨɜɚɧɢɸ ɛɨɥɟɟ 

ɝɥɭɛɨɤɢɯ ɫɥɨɟɜ, ɤɨɬɨɪɵɟ ɧɚɯɨɞɹɬɫɹ ɞɚɥɶɲɟ ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ (ɪɢɫ. 4, ɚ). ɉɪɢ ɷɬɨɦ ɜɤɥɸ-
ɱɟɧɢɹ DyFeB ɨɤɚɡɵɜɚɸɬɫɹ ɭɠɟ ɩɨɱɬɢ ɧɟ ɜɢɞɧɵ, ɧɨ ɜɢɞɟɧ ɢɡɛɵɬɨɤ ɩɪɚɡɟɨɞɢɦɚ ɥɢɧɟɣ-
ɧɵɦ ɪɚɡɦɟɪɨɦ 5 ɦɤɦ. ɇɚ ɪɢɫ. 4, ɛ ɩɪɟɞɫɬɚɜɥɟɧɵ ɦɚɫɫɨɜɵɟ ɞɨɥɢ ɯɢɦɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ, 
ɩɨɥɭɱɟɧɧɵɟ ɭɫɪɟɞɧɟɧɢɟɦ ɩɪɢ ɧɟɫɤɨɥɶɤɢɯ ɭɫɤɨɪɹɸɳɢɯ ɧɚɩɪɹɠɟɧɢɹɯ ɧɚ ɪɚɡɧɨɣ ɝɥɭ-
ɛɢɧɟ. Ɋɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɹ ɫɪɟɞɧɢɯ ɡɧɚɱɟɧɢɣ ɤɨɧɰɟɧɬɪɚɰɢɣ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 1.  
ȼɢɞɧɨ, ɱɬɨ ɩɨɦɢɦɨ ɨɫɧɨɜɧɵɯ ɷɥɟɦɟɧɬɨɜ ɜ ɦɢɤɪɨɩɪɨɜɨɞɟ ɩɪɢɫɭɬɫɬɜɭɸɬ ɤɢɫɥɨɪɨɞ ɢ 
ɦɟɞɶ ɜ ɧɟɡɧɚɱɢɬɟɥɶɧɵɯ ɤɨɥɢɱɟɫɬɜɚɯ. ɉɪɢɫɭɬɫɬɜɢɟ ɦɟɞɢ ɦɨɠɧɨ ɨɛɴɹɫɧɢɬɶ ɬɟɦ, ɱɬɨ ɦɢɤ-
ɪɨɩɪɨɜɨɞ ɨɯɥɚɠɞɚɥɫɹ ɧɚ ɥɚɬɭɧɧɨɦ ɜɪɚɳɚɸɳɟɦɫɹ ɰɢɥɢɧɞɪɟ. 

 
Ɍɚɛɥɢɰɚ 1 

Ⱥɬɨɦɧɵɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɷɥɟɦɟɧɬɨɜ ɜ ɦɢɤɪɨɩɪɨɜɨɞɟ ɬɢɩɚ 1,  
ɢɫɩɨɥɶɡɨɜɚɧɧɨɦ ɞɥɹ ɧɚɩɵɥɟɧɢɹ ɠɟɥɟɡɚ 

ɗɥɟɦɟɧɬ Ɍɢɩ ɥɢɧɢɢ* Ʉɨɧɰɟɧɬɪɚɰɢɹ ɷɥɟɦɟɧɬɚ, % (ɚɬɨɦɧ.) 
Fe K-ɫɟɪɢɹ 51,62 
Co K-ɫɟɪɢɹ 29,74 
Pr L-ɫɟɪɢɹ 6,77 

Dy L-ɫɟɪɢɹ 4,64 

O K-ɫɟɪɢɹ 5,88 

Cu K-ɫɟɪɢɹ 1,34 
* Ȼɭɤɜɵ K ɢ L ɨɡɧɚɱɚɸɬ ɫɩɟɤɬɪɚɥɶɧɵɟ ɚɬɨɦɧɵɟ ɫɟɪɢɢ ɩɟɪɟɯɨɞɨɜ, ɢɫɩɨɥɶɡɨɜɚɧɧɵɟ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɣ. 
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Ɋɢɫ. 4. ɗɥɟɤɬɪɨɧɧɨ-ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɨɟ ɧɚɥɨɠɟɧɢɟ ɤɚɪɬ ɯɢɦɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ (ɚ) ɢ ɫɭɦɦɚɪ-

ɧɵɣ ɫɩɟɤɬɪ (ɛ), ɩɨɥɭɱɟɧɧɵɣ ɫ ɩɨɦɨɳɶɸ ɷɧɟɪɝɨɞɢɫɩɟɪɫɢɨɧɧɨɝɨ ɯɢɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ, ɬɨɪɰɚ 
ɦɢɤɪɨɩɪɨɜɨɞɚ ɬɢɩɚ 1 ɩɪɢ ɭɫɤɨɪɹɸɳɟɦ ɧɚɩɪɹɠɟɧɢɢ β0 ɤȼ 

 
Ⱦɚɥɟɟ ɢɫɫɥɟɞɨɜɚɥɢ ɪɟɡɭɥɶɬɚɬɵ ɧɚɩɵɥɟɧɢɹ ɠɟɥɟɡɚ ɧɚ ɦɢɤɪɨɩɪɨɜɨɞ. Ɋɚɧɟɟ ɫɨɨɛ-

ɳɚɥɨɫɶ, ɱɬɨ ɬɚɤɨɟ ɧɚɩɵɥɟɧɢɟ ɩɪɢɜɨɞɢɬ ɤ ɈɋɉȽ Д1κЖ, ɨɞɧɚɤɨ ɩɪɢ ɷɬɨɦ ɧɟ ɛɵɥɨ ɭɫɬɚɧɨɜ-
ɥɟɧɨ, ɤɚɤɨɜ ɫɥɨɣ ɠɟɥɟɡɚ, ɤɚɤɨɣ ɨɧ ɬɨɥɳɢɧɵ ɢ ɤɚɤɨɜɚ ɟɝɨ ɫɬɪɭɤɬɭɪɚ. ɉɨɷɬɨɦɭ ɜ ɞɚɧɧɨɣ 
ɫɬɚɬɶɟ ɭɫɬɪɚɧɹɟɬɫɹ ɷɬɚ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɶ ɫ ɩɨɦɨɳɶɸ ɷɥɟɤɬɪɨɧɧɨ-ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɨɝɨ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɨɪɰɚ ɦɢɤɪɨɩɪɨɜɨɞɚ. ɇɚ ɪɢɫ. 5 ɨɬɱɟɬɥɢɜɨ ɜɢɞɟɧ ɧɚɩɵɥɟɧɧɵɣ ɧɚ ɦɢɤɪɨ-
ɩɪɨɜɨɞ ɜɧɟɲɧɢɣ ɫɥɨɣ ɠɟɥɟɡɚ, ɤɨɬɨɪɵɣ ɢɦɟɟɬ ɫɬɨɥɛɱɚɬɭɸ ɫɬɪɭɤɬɭɪɭ.  

 

 
Ɋɢɫ. 5. ɗɥɟɤɬɪɨɧɧɨ-ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɦɢɤɪɨɩɪɨɜɨɞɚ  

ɬɢɩɚ 2 ɫ ɧɚɩɵɥɟɧɧɵɦ ɫɥɨɟɦ ɠɟɥɟɡɚ 
 
ɍɫɪɟɞɧɟɧɧɵɣ ɷɧɟɪɝɨɞɢɫɩɟɪɫɢɨɧɧɵɣ ɫɩɟɤɬɪ ɰɟɧɬɪɚɥɶɧɨɣ ɱɚɫɬɢ ɨɛɪɚɡɰɚ ɫ ɧɚɩɵ-

ɥɟɧɧɵɦ ɫɥɨɟɦ ɠɟɥɟɡɚ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫ. 6, ɚ. ȼ ɬɚɛɥ. β ɩɪɟɞɫɬɚɜɥɟɧɵ ɤɨɥɢɱɟɫɬɜɟɧɧɵɟ ɞɚɧ-
ɧɵɟ ɨɛ ɚɬɨɦɧɵɯ ɞɨɥɹɯ ɯɢɦɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ ɜ ɦɢɤɪɨɩɪɨɜɨɞɚɯ ɬɢɩɚ 2. ȼɢɞɧɨ, ɱɬɨ  
ɩɪɨɰɟɧɬɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɷɥɟɦɟɧɬɨɜ ɧɟ ɫɢɥɶɧɨ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɬɚɤɨɝɨ ɫɨɞɟɪɠɚɧɢɹ ɜ ɦɢɤ-
ɪɨɩɪɨɜɨɞɚɯ ɬɢɩɚ 1.  
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Ɍɚɛɥɢɰɚ 2 
Ⱥɬɨɦɧɵɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɷɥɟɦɟɧɬɨɜ ɜ ɦɢɤɪɨɩɪɨɜɨɞɟ ɬɢɩɚ 2, 

ɢɫɩɨɥɶɡɨɜɚɧɧɨɦ ɞɥɹ ɧɚɩɵɥɟɧɢɹ ɠɟɥɟɡɚ 
ɗɥɟɦɟɧɬ Ɍɢɩ ɥɢɧɢɢ* Ʉɨɧɰɟɧɬɪɚɰɢɹ ɷɥɟɦɟɧɬɚ, % (ɚɬɨɦɧ.) 

Fe K-ɫɟɪɢɹ 65,27 
Co K-ɫɟɪɢɹ 21,19 
Pr L-ɫɟɪɢɹ 5,63 
Dy L-ɫɟɪɢɹ 7,91 

* Ȼɭɤɜɵ K ɢ L ɨɡɧɚɱɚɸɬ ɫɩɟɤɬɪɚɥɶɧɵɟ ɚɬɨɦɧɵɟ ɫɟɪɢɢ ɩɟɪɟɯɨɞɨɜ, ɢɫɩɨɥɶɡɨɜɚɧɧɵɟ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 
ɤɨɧɰɟɧɬɪɚɰɢɣ. 

 
ɇɚ ɪɢɫ. 6, ɛ–ɞ ɩɪɟɞɫɬɚɜɥɟɧɵ ɩɪɨɮɢɥɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɜ ɩɨɩɟɪɟɱɧɨɦ 

ɫɟɱɟɧɢɢ ɦɢɤɪɨɩɪɨɜɨɞɚ, ɬɚɤɢɯ ɤɚɤ Fe, Co, Pr ɢ Dy. Ɇɨɠɧɨ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɧɚ ɪɢɫ. 6, ɛ, ɧɚ 
ɤɨɬɨɪɨɦ ɩɪɟɞɫɬɚɜɥɟɧɨ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɠɟɥɟɡɚ, ɦɢɤɪɨɩɪɨɜɨɞ ɜɵɝɥɹɞɢɬ ɛɨɥɟɟ ɲɢɪɨɤɢɦ, 
ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɪɭɝɢɦɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹɦɢ ɧɚ ɪɢɫ. 6, ɜ–ɞ. ɗɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɬɨɦ, 
ɱɬɨ ɜ ɡɨɧɭ ɯɢɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɜɯɨɞɢɬ ɨɛɨɥɨɱɤɚ ɦɢɤɪɨɩɪɨɜɨɞɚ, ɭɜɟɥɢɱɢɜɚɸɳɚɹ ɟɝɨ 
ɪɚɡɦɟɪɵ ɬɨɥɶɤɨ ɧɚ ɤɚɪɬɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɠɟɥɟɡɚ. ɇɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹɯ Fe, Pr, Dy, Co ɩɪɢ 
ɷɬɨɦ ɧɟ ɜɢɞɧɵ ɜɤɥɸɱɟɧɢɹ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɨɛɪɚɡɰɚ ɦɢɤɪɨɩɪɨɜɨɞɚ ɬɢɩɚ 1. ɉɨ-ɜɢɞɢɦɨɦɭ, 
ɚɧɚɥɨɝɢɱɧɵɟ ɭɫɥɨɜɢɹ ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɹ ɧɟ ɜɫɟɝɞɚ ɩɪɢɜɨɞɹɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɜɤɥɸɱɟɧɢɣ 
ɥɢɛɨ ɜ ɩɪɨɰɟɫɫɟ ɦɚɝɧɟɬɪɨɧɧɨɝɨ ɧɚɩɵɥɟɧɢɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 100–200 °ɋ ɦɨɝɥɨ ɩɪɨ-
ɢɡɨɣɬɢ ɪɚɫɬɜɨɪɟɧɢɟ ɜɤɥɸɱɟɧɢɣ. 
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Ɋɢɫ. 6. ɗɧɟɪɝɨɞɢɫɩɟɪɫɢɨɧɧɵɣ ɫɩɟɤɬɪ ɦɢɤɪɨɩɪɨɜɨɞɚ ɬɢɩɚ 2 (ɚ) ɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɯɢɦɢɱɟɫɤɢɯ 

ɷɥɟɦɟɧɬɨɜ (ɛ–ɞ – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ Fe, Co, Pr, Dy) ɧɚ ɬɨɪɰɟ ɦɢɤɪɨɩɪɨɜɨɞɚ ɬɢɩɚ 2, ɨɩɪɟɞɟɥɟɧɧɵɟ 
ɦɟɬɨɞɨɦ ɷɧɟɪɝɨɞɢɫɩɟɪɫɢɨɧɧɨɝɨ ɯɢɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɩɪɢ ɭɫɤɨɪɹɸɳɟɦ ɧɚɩɪɹɠɟɧɢɢ 15 ɤȼ (ɭɜɟ-
ɥɢɱɟɧɢɟ ɹɪɤɨɫɬɢ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɭɜɟɥɢɱɟɧɢɸ ɤɨɧɰɟɧɬɪɚɰɢɢ ɤɚɠɞɨɝɨ ɷɥɟɦɟɧɬɚ) 

 
ɋɬɨɥɛɱɚɬɚɹ ɫɬɪɭɤɬɭɪɚ ɦɢɤɪɨɩɪɨɜɨɞɚ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɡɧɚɱɢɬɟɥɶɧɵɯ ɤɨɧɜɟɤ-

ɬɢɜɧɵɯ ɩɨɬɨɤɚɯ ɜɛɥɢɡɢ ɩɨɜɟɪɯɧɨɫɬɢ ɦɢɤɪɨɩɪɨɜɨɞɚ ɩɪɢ ɧɚɩɵɥɟɧɢɢ. Ɍɚɤɚɹ ɫɬɪɭɤɬɭɪɚ 
ɦɨɠɟɬ ɜɨɡɧɢɤɚɬɶ ɩɪɢ ɧɚɥɢɱɢɢ ɝɪɚɞɢɟɧɬɚ ɬɟɦɩɟɪɚɬɭɪ, ɚɧɚɥɨɝɢɱɧɨ ɬɨɦɭ, ɤɚɤ ɜ ɠɢɞɤɨɫɬɢ 
ɜɨɡɧɢɤɚɟɬ ɫɚɦɨɨɪɝɚɧɢɡɚɰɢɹ ɤɨɧɜɟɤɬɢɜɧɵɯ ɹɱɟɟɤ ɜ ɭɩɨɪɹɞɨɱɟɧɧɵɟ ɫɬɪɭɤɬɭɪɵ. ɗɬɨ ɦɨ-
ɠɟɬ ɡɧɚɱɢɬɟɥɶɧɨ ɢɡɦɟɧɹɬɶ ɦɚɝɧɢɬɧɵɟ ɫɜɨɣɫɬɜɚ ɠɟɥɟɡɧɨɣ ɨɛɨɥɨɱɤɢ, ɤɨɬɨɪɚɹ ɧɟ ɹɜɥɹɟɬɫɹ 
ɫɩɥɨɲɧɨɣ, ɚ ɫɨɫɬɨɢɬ ɢɡ ɫɬɨɥɛɢɤɨɜ, ɫɜɹɡɚɧɧɵɯ ɦɚɝɧɢɬɧɵɦ ɞɢɩɨɥɶɧɵɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ. 
ɋɬɨɥɛɱɚɬɚɹ ɩɨɪɢɫɬɚɹ ɫɬɪɭɤɬɭɪɚ ɡɧɚɱɢɬɟɥɶɧɨ ɭɜɟɥɢɱɢɜɚɟɬ ɩɨɜɟɪɯɧɨɫɬɶ ɫɥɨɹ ɠɟɥɟɡɚ, ɱɬɨ 
ɦɨɠɟɬ ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ ɡɧɚɱɢɬɟɥɶɧɨɦɭ ɨɤɢɫɥɟɧɢɸ ɠɟɥɟɡɚ ɧɚ ɜɨɡɞɭɯɟ ɫ ɭɯɭɞɲɟɧɢɟɦ ɟɝɨ 
ɮɟɪɪɨɦɚɝɧɢɬɧɵɯ ɫɜɨɣɫɬɜ ɢ ɩɪɟɞɩɨɥɚɝɚɟɦɵɯ ɷɮɮɟɤɬɨɜ ɈɋɉȽ.  
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Ɉɬɦɟɬɢɦ, ɱɬɨ ɪɚɧɟɟ ɜ ɚɧɚɥɨɝɢɱɧɵɯ ɩɨ ɯɢɦɢɱɟɫɤɨɦɭ ɫɨɫɬɚɜɭ ɨɛɴɟɦɧɵɯ ɨɛɪɚɡɰɚɯ 
ɫɩɟɱɟɧɧɵɯ ɦɚɝɧɢɬɨɜ ɧɟ ɨɛɧɚɪɭɠɢɜɚɥɨɫɶ ɩɨɞɨɛɧɨɝɨ ɪɚɡɧɨɨɛɪɚɡɢɹ ɜɤɥɸɱɟɧɢɣ Дβκ–32], 
ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɬɨɦ, ɱɬɨ ɛɵɫɬɪɨ ɨɯɥɚɠɞɟɧɧɵɣ ɪɚɫɩɥɚɜ ɢɦɟɟɬ ɛɨɥɟɟ ɧɟɪɚɜɧɨɜɟɫ-
ɧɭɸ ɢ ɛɨɥɟɟ ɫɥɭɱɚɣɧɭɸ ɫɬɪɭɤɬɭɪɭ, ɱɟɦ ɦɟɞɥɟɧɧɨ ɨɬɨɠɠɟɧɧɵɟ ɨɛɪɚɡɰɵ. ɉɨɥɭɱɟɧɧɵɣ 
ɦɚɬɟɪɢɚɥ ɫ «ɡɚɦɨɪɨɠɟɧɧɵɦ» ɧɟɪɚɜɧɨɜɟɫɧɵɦ ɫɨɫɬɨɹɧɢɟɦ ɢɦɟɟɬ ɛɨɥɟɟ ɜɵɫɨɤɢɣ ɬɟɪɦɨ-
ɞɢɧɚɦɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ Ƚɢɛɛɫɚ, ɱɟɦ ɩɨɫɬɨɹɧɧɵɟ ɦɚɝɧɢɬɵ, ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ ɞɥɢɬɟɥɶ-
ɧɨɦ ɨɬɠɢɝɟ. Ɇɨɠɧɨ ɪɚɫɫɱɢɬɵɜɚɬɶ, ɱɬɨ ɷɬɨ ɞɚɫɬ ɜɨɡɦɨɠɧɨɫɬɶ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɧɨɜɵɯ ɬɢ-
ɩɨɜ ɮɚɡ ɜ ɬɚɤɨɦ ɦɚɬɟɪɢɚɥɟ, ɩɪɨɹɜɥɹɸɳɢɯ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɜɨɡɦɨɠɧɨɫɬɢ ɞɥɹ ɢɧɠɟɧɟɪɢɢ 
ɦɢɤɪɨɦɚɝɧɢɬɨɜ ɧɚ ɢɯ ɨɫɧɨɜɟ. 

Ɉɬɪɢɰɚɬɟɥɶɧɵɦ ɮɚɤɬɨɪɨɦ ɫɱɢɬɚɟɬɫɹ ɫɥɭɱɚɣɧɨɫɬɶ ɨɛɪɚɡɨɜɚɧɢɹ ɜɤɥɸɱɟɧɢɣ ɢ ɩɥɨ-
ɯɚɹ ɩɨɜɬɨɪɹɟɦɨɫɬɶ ɢɯ ɤɨɥɢɱɟɫɬɜɚ ɢ ɬɢɩɚ. ɗɬɨ ɫɧɢɠɚɟɬ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɣ ɩɨɬɟɧɰɢɚɥ 
ɩɨɥɭɱɚɟɦɵɯ ɦɢɤɪɨɦɚɝɧɢɬɨɜ, ɩɨɫɤɨɥɶɤɭ ɬɪɟɛɭɟɬ ɨɬɛɨɪɚ ɦɢɤɪɨɩɪɨɜɨɞɨɜ ɞɥɹ ɢɯ ɩɪɚɤɬɢ-
ɱɟɫɤɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ. Ɉɞɧɚɤɨ ɩɪɢɧɰɢɩɢɚɥɶɧɚɹ ɜɨɡɦɨɠɧɨɫɬɶ ɫɨɡɞɚɜɚɬɶ ɦɢɤɪɨɩɪɨɜɨɞɚ 
ɫ ɦɢɤɪɨɜɤɥɸɱɟɧɢɹɦɢ ɨɡɧɚɱɚɟɬ, ɱɬɨ, ɞɨɛɢɜɲɢɫɶ ɨɞɢɧɚɤɨɜɵɯ ɭɫɥɨɜɢɣ ɷɤɫɬɪɚɤɰɢɢ, ɦɨɠ-
ɧɨ ɩɨɥɭɱɚɬɶ ɦɚɝɧɢɬɧɵɟ ɦɚɬɟɪɢɚɥɵ, ɜ ɤɨɬɨɪɵɯ ɟɫɬɶ ɡɧɚɱɢɬɟɥɶɧɚɹ ɞɨɥɹ ɜɡɚɢɦɨɞɟɣɫɬɜɭ-
ɸɳɢɯ ɝɪɚɧɢɰ, ɜ ɬɨɦ ɱɢɫɥɟ ɬɚɤɢɯ, ɤɨɬɨɪɵɟ ɨɛɟɫɩɟɱɢɜɚɸɬ ɷɮɮɟɤɬ ɈɋɉȽ. ȼ ɧɚɫɬɨɹɳɟɟ 
ɜɪɟɦɹ ɞɨɫɬɢɝɧɭɬɵɟ ɡɧɚɱɟɧɢɹ ɜɟɥɢɱɢɧɵ ɨɛɦɟɧɧɨɝɨ ɫɦɟɳɟɧɢɹ ɦɚɥɵ (50–70 ɗ), ɱɬɨ  
ɨɛɴɹɫɧɹɟɬɫɹ ɬɟɦ, ɱɬɨ ɜɤɥɸɱɟɧɢɣ ɫɪɚɜɧɢɬɟɥɶɧɨ ɧɟɦɧɨɝɨ ɢ ɞɨɥɹ ɦɚɬɟɪɢɚɥɚ, ɧɚɯɨɞɹɳɟɝɨ-
ɫɹ ɜɛɥɢɡɢ ɝɪɚɧɢɰɵ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɜɤɥɸɱɟɧɢɣ ɫ ɦɚɬɪɢɰɟɣ, ɦɢɧɢɦɚɥɶɧɚ, ɬɚɤ ɱɬɨ ɭɫɪɟɞ-
ɧɟɧɧɨɟ ɢɧɬɟɝɪɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɧɭɥɟɜɨɝɨ ɫɦɟɳɟɧɢɹ ɦɚɬɪɢɰɵ ɢ ɫɦɟɳɟɧɢɹ, ɞɚɜɚɟɦɨɝɨ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ, ɨɤɚɡɵɜɚɟɬɫɹ ɧɟɜɵɫɨɤɢɦ. ɋ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɢɫ. β ɦɨɠɧɨ ɨɰɟɧɢɬɶ ɞɨ-
ɥɸ ɬɚɤɢɯ ɝɪɚɧɢɰ. ȿɫɥɢ ɩɪɢɧɢɦɚɬɶ ɬɨɥɳɢɧɭ ɝɪɚɧɢɰ γ–5 ɧɦ, ɬɨ ɩɨɥɭɱɢɬɫɹ ɤɨɥɢɱɟɫɬɜɨ 
ɦɚɬɟɪɢɚɥɚ, ɞɚɸɳɟɝɨ ɜɤɥɚɞ ɜ ɈɋɉȽ ɦɟɧɟɟ 0,001 %. ɗɬɨ ɦɨɠɟɬ ɫɜɢɞɟɬɟɥɶɫɬɜɨɜɚɬɶ ɨ ɬɨɦ, 
ɱɬɨ ɜ ɞɟɣɫɬɜɢɬɟɥɶɧɨɫɬɢ ɈɋɉȽ ɧɚ ɝɪɚɧɢɰɟ Fe–DyPrFeCoB ɦɨɠɟɬ ɛɵɬɶ ɨɱɟɧɶ ɜɟɥɢɤɨ, ɢ 
ɬɚɤɢɟ ɦɚɬɟɪɢɚɥɵ ɧɚɣɞɭɬ ɩɪɢɦɟɧɟɧɢɟ ɜ ɫɟɧɫɨɪɚɯ, ɜ ɤɨɬɨɪɵɯ ɬɚɤɚɹ ɜɟɥɢɱɢɧɚ ɜɚɠɧɚ. ɉɪɨ-
ɜɟɪɤɚ ɷɬɨɝɨ ɩɪɟɞɩɨɥɨɠɟɧɢɹ ɦɨɝɥɚ ɛɵ ɡɚɤɥɸɱɚɬɶɫɹ ɜ ɢɡɝɨɬɨɜɥɟɧɢɢ ɧɚɧɨɩɪɨɜɨɞɨɜ 
DyPrFeCoB, ɩɨɤɪɵɬɵɯ ɠɟɥɟɡɨɦ. Ɉɞɧɚɤɨ ɨɞɧɨɜɪɟɦɟɧɧɨ ɷɬɨ ɩɪɢɜɟɞɟɬ ɤ ɧɨɜɵɦ ɪɟɠɢɦɚɦ 
ɨɯɥɚɠɞɟɧɢɹ ɢ ɢɧɨɦɭ ɮɚɡɨɜɨɦɭ ɫɨɫɬɚɜɭ. ɉɨɷɬɨɦɭ ɢɧɠɟɧɟɪɢɹ ɪɟɞɤɨɡɟɦɟɥɶɧɵɯ ɦɢɤɪɨ-
ɩɪɨɜɨɞɨɜ ɫ ɈɋɉȽ ɧɭɠɞɚɟɬɫɹ ɜ ɭɫɬɚɧɨɜɥɟɧɢɢ ɜɨɡɦɨɠɧɨɫɬɟɣ ɦɚɫɲɬɚɛɢɪɭɟɦɨɫɬɢ ɨɛɧɚ-
ɪɭɠɟɧɧɵɯ ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɹɜɥɟɧɢɣ. 

ɇɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɢɡɜɟɫɬɧɵɟ ɢɡ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ ɥɢɬɟɪɚɬɭɪɵ ɮɚɡɨ-
ɜɵɟ ɞɢɚɝɪɚɦɦɵ ɧɚɢɛɨɥɟɟ ɛɥɢɡɤɢɯ ɩɨ ɯɢɦɢɱɟɫɤɨɦɭ ɫɨɫɬɚɜɭ ɫɩɥɚɜɨɜ DyFeB ɢ PrDyB ɩɨ-
ɥɭɱɟɧɵ ɜ ɪɚɜɧɨɜɟɫɧɵɯ ɭɫɥɨɜɢɹɯ ɦɟɞɥɟɧɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ, ɤɨɝɞɚ ɢɦɟɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨɟ 
ɜɪɟɦɹ ɞɥɹ ɜɵɪɚɜɧɢɜɚɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɣ ɯɢɦɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ. ɉɨɷɬɨɦɭ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 
ɬɚɤɢɯ ɞɢɚɝɪɚɦɦ ɜɪɹɞ ɥɢ ɢɦɟɟɬ ɩɪɨɝɧɨɡɧɨɟ ɡɧɚɱɟɧɢɟ ɞɥɹ ɫɢɬɭɚɰɢɣ ɫɜɟɪɯɛɵɫɬɪɨɝɨ ɨɯɥɚ-
ɠɞɟɧɢɹ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ. 

ȿɳɟ ɨɞɧɨɣ ɩɪɨɛɥɟɦɨɣ ɹɜɥɹɟɬɫɹ ɭɫɬɚɧɨɜɥɟɧɢɟ ɩɪɢɱɢɧ ɨɛɪɚɡɨɜɚɧɢɹ ɯɢɦɢɱɟɫɤɢɯ 
ɧɟɨɞɧɨɪɨɞɧɨɫɬɟɣ ɩɪɢ ɜɵɬɹɝɢɜɚɧɢɢ ɦɢɤɪɨɩɪɨɜɨɞɚ ɢɡ ɯɢɦɢɱɟɫɤɢ ɨɞɧɨɪɨɞɧɨɝɨ ɪɚɫɩɥɚɜɚ. 
Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɫɭɳɟɫɬɜɭɸɬ ɹɜɥɟɧɢɹ ɫɚɦɨɨɪɝɚɧɢɡɚɰɢɢ ɩɨ ɬɢɩɭ ɹɱɟɟɤ Ȼɟɧɚɪɚ ɢɥɢ ɹɜɥɟɧɢɹ 
ɮɚɡɨɜɨɝɨ ɪɚɡɞɟɥɟɧɢɹ ɜ ɨɞɧɨɪɨɞɧɨɦ ɪɚɫɩɥɚɜɟ, ɫɩɪɨɜɨɰɢɪɨɜɚɧɧɵɟ ɤɨɧɜɟɤɰɢɨɧɧɵɦɢ ɩɨ-
ɬɨɤɚɦɢ ɢ ɨɝɪɨɦɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɝɪɚɞɢɟɧɬɚ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɢɦɟɬɶ ɦɟ-
ɫɬɨ ɜɛɥɢɡɢ ɫɬɟɧɨɤ ɫɨɫɭɞɚ, ɨɫɨɛɟɧɧɨ ɜ ɨɛɥɚɫɬɢ ɟɝɨ ɫɭɠɟɧɢɹ ɜ ɤɚɩɢɥɥɹɪ ɞɢɚɦɟɬɪɨɦ 
~1 ɦɦ.  

 
Ɂɚɤɥɸɱɟɧɢɹ 

ȼ ɦɢɤɪɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɦɢɤɪɨɩɪɨɜɨɞɚɯ PrDвCШFОψ, ɩɨɥɭɱɟɧɧɵɯ ɷɤɫɬɪɚɤɰɢɟɣ 
ɜɢɫɹɳɟɣ ɤɚɩɥɢ ɪɚɫɩɥɚɜɚ ɩɪɢ ɫɜɟɪɯɛɵɫɬɪɨɦ ɨɯɥɚɠɞɟɧɢɢ, ɩɪɨɜɟɞɟɧɨ ɫɤɚɧɢɪɨɜɚɧɢɟ ɪɚɫ-
ɩɪɟɞɟɥɟɧɢɹ ɯɢɦɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ ɩɨ ɝɥɭɛɢɧɟ  ɨɛɪɚɡɰɚ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɭɫɤɨɪɹɸɳɟɝɨ 
ɧɚɩɪɹɠɟɧɢɹ ɫɤɚɧɢɪɭɸɳɟɝɨ ɷɥɟɤɬɪɨɧɧɨɝɨ ɦɢɤɪɨɫɤɨɩɚ. ɉɨɫɬɪɨɟɧɵ ɦɧɨɝɨɫɥɨɣɧɵɟ ɤɚɪɬɵ 



Ко̥по̛̚ц̛о̦̦̼е ̥ате̛̬ал̼  

 

 

АȐиаȤиȜțțые Țатериаșы и теȣțȜșȜȑии / Aviation materials and technologies  2 (67)  2022                            93 

 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɯɢɦɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ ɧɚ ɩɨɩɟɪɟɱɧɨɦ ɫɪɟɡɟ ɦɢɤɪɨɩɪɨɜɨɞɚ, ɩɪɢɝɨɬɨɜ-
ɥɟɧɧɨɦ ɢɨɧɧɨɣ ɪɟɡɤɨɣ ɢɨɧɚɦɢ χr–.  

Ɉɛɧɚɪɭɠɟɧɨ, ɱɬɨ ɜ ɦɢɤɪɨɩɪɨɜɨɞɚɯ ɢɦɟɸɬɫɹ ɨɛɴɟɦɧɵɟ ɜɤɥɸɱɟɧɢɹ DвFОψ ɪɚɡɦɟ-
ɪɨɦ 0,5–1 ɦɤɦ ɢ ɤɪɭɩɧɵɟ ɜɤɥɸɱɟɧɢɹ Pr ɪɚɡɦɟɪɨɦ 5 ɦɤɦ. ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨɤɚ-
ɡɵɜɚɸɬ, ɱɬɨ ɫɜɟɪɯɛɵɫɬɪɨɟ ɨɯɥɚɠɞɟɧɢɟ ɪɚɫɩɥɚɜɚ ɜɟɞɟɬ ɤ ɜɨɡɧɢɤɧɨɜɟɧɢɸ ɪɚɡɧɵɯ ɩɨ ɯɢɦɢ-
ɱɟɫɤɨɦɭ ɫɨɫɬɚɜɭ ɜɤɥɸɱɟɧɢɣ. ȼɤɥɸɱɟɧɢɹ DвFОψ ɹɜɥɹɸɬɫɹ ɧɟɪɚɜɧɨɜɟɫɧɵɦɢ, ɨɧɢ ɨɛɪɚɡɭ-
ɸɬɫɹ ɜɛɥɢɡɢ ɩɨɜɟɪɯɧɨɫɬɢ ɦɢɤɪɨɩɪɨɜɨɞɚ, ɝɞɟ ɜɵɫɨɤɚ ɫɤɨɪɨɫɬɶ ɨɯɥɚɠɞɟɧɢɹ ɦɚɬɟɪɢɚɥɚ. 

ȼɵɹɜɥɟɧɚ ɫɬɨɥɛɱɚɬɚɹ ɫɬɪɭɤɬɭɪɚ ɢ ɨɩɪɟɞɟɥɟɧɚ ɬɨɥɳɢɧɚ ɫɥɨɹ ɠɟɥɟɡɚ 10–γ0 ɦɤɦ, 
ɧɚɩɵɥɹɟɦɨɝɨ ɧɚ ɦɢɤɪɨɩɪɨɜɨɞɚ PrDвCШFОψ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɷɮɮɟɤɬɚ ɈɋɉȽ. ɉɨɫɬɪɨɟɧɨ 
ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɯɢɦɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ ɜ ɩɨɩɟɪɟɱɧɨɦ ɫɟɱɟɧɢɢ ɞɜɭɯɫɥɨɣɧɵɯ ɦɢɤɪɨɩɪɨ-
ɜɨɞɨɜ, ɤɨɬɨɪɨɟ ɜɟɪɢɮɢɰɢɪɭɟɬ ɩɪɢɫɭɬɫɬɜɢɟ ɨɛɨɥɨɱɤɢ ɠɟɥɟɡɚ ɢ ɟɟ ɬɨɥɳɢɧɭ. 
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ɚ ɬɚɤɠɟ ɞɥɹ ɭɫɬɚɧɨɜɥɟɧɢɹ ɨɛɨɫɧɨɜɚɧɧɵɯ ɝɚɪɚɧɬɢɣɧɵɯ ɫɪɨɤɨɜ ɷɤɫɩɥɭɚɬɚɰɢɢ ɜɫɩɭɱɢɜɚɸ-
ɳɢɯɫɹ ɩɨɤɪɵɬɢɣ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɧɚɢɛɨɥɶɲɢɣ ɡɚɞɟɥ, ɧɟɨɛɯɨɞɢɦɵɣ ɞɥɹ ɪɟɲɟɧɢɹ ɷɬɨɣ 
ɜɚɠɧɨɣ ɡɚɞɚɱɢ, ɢɦɟɟɬɫɹ ɜ ɪɚɤɟɬɧɨ-ɤɨɫɦɢɱɟɫɤɨɣ ɢ ɚɜɢɚɰɢɨɧɧɨɣ ɨɬɪɚɫɥɹɯ.  

Кɥɸɱеɜые ɫɥɨɜɚ: ɩɨɥɢɦɟɪɧɵɟ ɤɨɦɩɨɡɢɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ, ɩɨɤɚɡɚɬɟɥɢ ɩɨɠɚɪɨ-
ɛɟɡɨɩɚɫɧɨɫɬɢ, ɩɪɟɞɟɥ ɨɝɧɟɫɬɨɣɤɨɫɬɢ, ɤɪɚɬɧɨɫɬɶ ɜɫɩɭɱɢɜɚɧɢɹ, ɭɫɤɨɪɟɧɧɵɟ ɤɥɢɦɚɬɢɱɟɫ-
ɤɢɟ ɢɫɩɵɬɚɧɢɹ 
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ȼɜɟɞɟɧɢɟ 
ɉɪɢ ɫɨɡɞɚɧɢɢ ɪɚɡɥɢɱɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɢɡɞɟɥɢɣ ɝɪɚɠɞɚɧɫɤɨɝɨ ɢ ɜɨɟɧɧɨɝɨ 

ɧɚɡɧɚɱɟɧɢɹ ɨɞɧɢɦ ɢɡ ɜɚɠɧɟɣɲɢɯ ɹɜɥɹɟɬɫɹ ɜɨɩɪɨɫ ɨɛ ɢɯ ɞɨɥɝɨɜɟɱɧɨɫɬɢ, ɬ. ɟ. ɫɨɯɪɚɧɟɧɢɢ 
ɨɫɧɨɜɧɵɯ ɫɜɨɣɫɬɜ ɩɪɢ ɞɥɢɬɟɥɶɧɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɧɚɢɛɨɥɟɟ ɬɳɚ-
ɬɟɥɶɧɵɣ ɩɨɞɯɨɞ ɤ ɜɨɩɪɨɫɚɦ ɨɛɟɫɩɟɱɟɧɢɹ ɞɨɥɝɨɜɟɱɧɨɫɬɢ ɢ ɨɛɨɫɧɨɜɚɧɢɹ ɝɚɪɚɧɬɢɣɧɵɯ 
ɫɪɨɤɨɜ ɷɤɫɩɥɭɚɬɚɰɢɢ ɦɚɬɟɪɢɚɥɨɜ ɢ ɤɨɧɫɬɪɭɤɰɢɣ ɯɚɪɚɤɬɟɪɟɧ ɞɥɹ ɬɚɤɢɯ ɨɬɪɚɫɥɟɣ, ɤɚɤ  
ɪɚɤɟɬɧɨ-ɤɨɫɦɢɱɟɫɤɚɹ ɢ ɚɜɢɚɰɢɨɧɧɚɹ, ɩɪɢɱɟɦ ɢɦɟɧɧɨ ɨɧɢ ɹɜɥɹɸɬɫɹ ɜɟɞɭɳɢɦɢ ɜ ɱɚɫɬɢ 
ɩɪɢɦɟɧɟɧɢɹ ɩɨɥɢɦɟɪɧɵɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ (ɉɄɆ). 

Ɉɞɧɨɣ ɢɡ ɪɚɡɧɨɜɢɞɧɨɫɬɟɣ ɉɄɆ ɹɜɥɹɸɬɫɹ ɜɫɩɭɱɢɜɚɸɳɢɟɫɹ ɨɝɧɟɡɚɳɢɬɧɵɟ ɩɨɤɪɵ-
ɬɢɹ (ȼɈɁɉ). Ɉɧɢ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɫɪɟɞɫɬɜ ɡɚɳɢɬɵ ɨɬ ɩɨɠɚɪɨɜ ɤɨɧɫɬɪɭɤ-
ɰɢɣ ɢ ɢɡɞɟɥɢɣ ɝɪɚɠɞɚɧɫɤɨɣ ɢ ɜɨɟɧɧɨɣ ɬɟɯɧɢɤɢ ɢɡ ɪɚɡɥɢɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. Ɉɫɧɨɜɧɚɹ ɫɮɟ-
ɪɚ ɩɪɢɦɟɧɟɧɢɹ ɬɚɤɢɯ ɩɨɤɪɵɬɢɣ – ɷɬɨ ɝɪɚɠɞɚɧɫɤɨɟ ɫɬɪɨɢɬɟɥɶɫɬɜɨ. ɐɟɥɟɫɨɨɛɪɚɡɧɨɫɬɶ  
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ȼɈɁɉ ɜ ɤɚɱɟɫɬɜɟ ɫɪɟɞɫɬɜɚ ɨɝɧɟɡɚɳɢɬɵ ɜ ɤɚɠɞɨɦ ɤɨɧɤɪɟɬɧɨɦ ɫɥɭɱɚɟ 
ɬɪɟɛɭɟɬ ɨɛɨɫɧɨɜɚɧɢɹ ɢ ɩɨɞɬɜɟɪɠɞɟɧɢɹ, ɨɫɨɛɟɧɧɨ ɟɫɥɢ ɪɟɱɶ ɢɞɟɬ ɨ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ 
ɷɥɟɦɟɧɬɚɯ ɢɡ ɉɄɆ. ȼ ɪɚɛɨɬɟ Д1Ж ɪɚɫɫɦɨɬɪɟɧɵ ɪɨɥɶ ɢ ɨɫɨɛɟɧɧɨɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɛɨɥɶɲɨɣ 
ɧɨɦɟɧɤɥɚɬɭɪɵ ɜɫɩɭɱɢɜɚɸɳɢɯɫɹ ɩɨɤɪɵɬɢɣ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɩɪɢɟɦɥɟɦɨɝɨ ɭɪɨɜɧɹ ɩɨɠɚ-
ɪɨɛɟɡɨɩɚɫɧɨɫɬɢ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɢɡɞɟɥɢɣ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɢɡ ɉɄɆ. ȼɚɠ-
ɧɟɣɲɢɦ ɩɨɤɚɡɚɬɟɥɟɦ ɹɜɥɹɟɬɫɹ ɩɪɟɞɟɥ ɨɝɧɟɫɬɨɣɤɨɫɬɢ, ɟɝɨ ɨɛɟɫɩɟɱɟɧɢɟ – ɫɥɨɠɧɚɹ ɡɚɞɚɱɚ, 
ɜ ɨɫɨɛɟɧɧɨɫɬɢ ɞɥɹ ɤɨɦɩɨɡɢɬɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ, ɩɨɫɤɨɥɶɤɭ ɷɬɨ ɫɜɹɡɚɧɨ ɫ ɢɯ ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɧɢɡɤɨɣ ɬɟɪɦɨɫɬɨɣɤɨɫɬɶɸ. 

Ʉɪɨɦɟ ɬɨɝɨ, ɩɪɨɜɟɞɟɧɧɵɣ ɜ ɪɚɛɨɬɟ Д1Ж ɚɧɚɥɢɡ ɩɨɤɚɡɚɥ, ɱɬɨ ɨɞɧɢɦ ɢɡ ɜɚɠɧɵɯ ɢ 
ɧɟɪɟɲɟɧɧɵɯ ɜɨɩɪɨɫɨɜ ɹɜɥɹɟɬɫɹ ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢɹɧɢɹ ɫɪɨɤɚ ɷɤɫɩɥɭɚɬɚɰɢɢ ɧɚ ɨɫɧɨɜɧɵɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜɫɩɭɱɢɜɚɸɳɢɯɫɹ ɩɨɤɪɵɬɢɣ ɢ ɨɝɧɟɫɬɨɣɤɨɫɬɶ ɡɚɳɢɳɚɟɦɵɯ ɢɦɢ ɷɥɟɦɟɧ-
ɬɨɜ. ȼ ɪɚɤɟɬɧɨ-ɤɨɫɦɢɱɟɫɤɨɣ ɢ ɚɜɢɚɰɢɨɧɧɨɣ ɨɬɪɚɫɥɹɯ ɞɥɹ ɪɚɡɪɚɛɚɬɵɜɚɟɦɵɯ ɤɨɧɫɬɪɭɤ-
ɰɢɣ ɢ ɢɡɞɟɥɢɣ ɢɡ ɉɄɆ ɢ ɞɪɭɝɢɯ ɦɚɬɟɪɢɚɥɨɜ ɨɛɹɡɚɬɟɥɶɧɨ ɩɪɨɜɨɞɢɬɫɹ ɨɰɟɧɤɚ ɜɥɢɹɧɢɹ 
ɫɬɚɪɟɧɢɹ ɧɚ ɢɯ ɧɟɫɭɳɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɜɫɥɟɞɫɬɜɢɟ ɢɡɦɟɧɟɧɢɹ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɯɚ-
ɪɚɤɬɟɪɢɫɬɢɤ. Ɉɞɧɚɤɨ ɢ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɝɨɪɚɡɞɨ ɦɟɧɶɲɟɟ ɜɧɢɦɚɧɢɟ ɞɨ ɩɨɫɥɟɞɧɟɝɨ ɜɪɟ-
ɦɟɧɢ ɭɞɟɥɹɥɨɫɶ ɢɡɦɟɧɟɧɢɸ ɫɨ ɜɪɟɦɟɧɟɦ ɩɨɤɚɡɚɬɟɥɟɣ ɩɨɠɚɪɨɛɟɡɨɩɚɫɧɨɫɬɢ, ɜ ɨɫɨɛɟɧɧɨ-
ɫɬɢ ɩɪɟɞɟɥɚ ɢɯ ɨɝɧɟɫɬɨɣɤɨɫɬɢ. Ⱦɚɧɧɚɹ ɫɬɚɬɶɹ ɩɨɫɜɹɳɟɧɚ ɚɧɚɥɢɡɭ ɫɥɨɠɢɜɲɟɣɫɹ ɫɢɬɭɚ-
ɰɢɢ ɢ ɪɚɫɫɦɨɬɪɟɧɢɸ ɪɚɰɢɨɧɚɥɶɧɵɯ ɢ ɜɨɡɦɨɠɧɵɯ ɩɭɬɟɣ ɪɟɲɟɧɢɹ ɷɬɨɣ ɚɤɬɭɚɥɶɧɨɣ ɞɥɹ 
ɪɚɡɥɢɱɧɵɯ ɨɬɪɚɫɥɟɣ ɩɪɨɛɥɟɦɵ. 

 
Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ 

Ⱦɥɹ ɩɨɞɬɜɟɪɠɞɟɧɢɹ ɜɨɡɦɨɠɧɨɫɬɢ ɢ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɥɸɛɵɯ ɦɚ-
ɬɟɪɢɚɥɨɜ ɤɨɧɫɬɪɭɤɰɢɨɧɧɨɝɨ ɢ ɢɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɧɢɟ ɰɟɥɨɝɨ ɤɨɦɩɥɟɤɫɚ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɩɪɢɱɟɦ ɫ ɭɱɟɬɨɦ ɞɢɧɚɦɢɤɢ ɢɯ ɢɡɦɟɧɟɧɢɹ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ. ɗɬɨ ɜ ɩɨɥ-
ɧɨɣ ɦɟɪɟ ɨɬɧɨɫɢɬɫɹ ɤ ɤɨɧɫɬɪɭɤɰɢɹɦ ɢ ɢɡɞɟɥɢɹɦ ɢɡ ɉɄɆ, ɨɛɴɟɦ ɩɪɢɦɟɧɟɧɢɹ ɤɨɬɨɪɵɯ ɜ 
ɪɚɤɟɬɧɨ-ɤɨɫɦɢɱɟɫɤɨɣ ɢ ɚɜɢɚɰɢɨɧɧɨɣ ɨɬɪɚɫɥɹɯ ɧɟɭɤɥɨɧɧɨ ɪɚɫɬɟɬ ɢ ɞɥɹ ɤɨɬɨɪɵɯ ɡɧɚɱɢ-
ɦɨɟ ɢɡɦɟɧɟɧɢɟ ɢɯ ɫɜɨɣɫɬɜ ɩɪɢ ɫɬɚɪɟɧɢɢ ɹɜɥɹɟɬɫɹ ɨɛɴɟɤɬɢɜɧɨɣ ɪɟɚɥɶɧɨɫɬɶɸ. 

ɂɡɜɟɫɬɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɩɨɥɢɦɟɪɧɨɣ ɨɫɧɨɜɟ ɢ ɤɨɧɫɬɪɭɤɰɢɣ ɢɡ 
ɧɢɯ ɹɜɥɹɸɬɫɹ ɧɟɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢɯ ɩɨɠɚɪɧɨɣ ɨɩɚɫɧɨɫɬɢ. Ⱦɥɹ ɫɚ-
ɦɢɯ ɩɨɥɢɦɟɪɧɵɯ ɤɨɦɩɨɡɢɬɨɜ ɯɚɪɚɤɬɟɪɧɵ ɜɵɫɨɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɝɨɪɸɱɟɫɬɢ, ɜɨɫɩɥɚɦɟɧɹ-
ɟɦɨɫɬɢ, ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɩɥɚɦɟɧɢ, ɞɵɦɨɨɛɪɚɡɭɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ, ɬɨɤɫɢɱɧɨɫɬɢ ɩɪɨ-
ɞɭɤɬɨɜ ɬɟɪɦɨɞɟɫɬɪɭɤɰɢɢ, ɚ ɬɚɤɠɟ ɧɢɡɤɚɹ ɬɟɪɦɨɫɬɨɣɤɨɫɬɶ. Ʉɨɧɫɬɪɭɤɰɢɢ ɢɡ ɉɄɆ ɢɦɟɸɬ 
ɧɢɡɤɢɟ ɩɪɟɞɟɥɵ ɨɝɧɟɫɬɨɣɤɨɫɬɢ, ɩɨɫɤɨɥɶɤɭ ɢɡ-ɡɚ ɧɟɞɨɫɬɚɬɨɱɧɨɣ ɬɟɩɥɨɫɬɨɣɤɨɫɬɢ ɩɨɬɟɪɹ 
ɢɯ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɜɨɡɦɨɠɧɚ ɡɚ ɫɱɢɬɚɧɧɵɟ ɦɢɧɭɬɵ ɨɝɧɟɜɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ. Ɉɱɟɜɢɞ-
ɧɨ, ɱɬɨ ɷɬɨ ɨɝɪɚɧɢɱɢɜɚɟɬ ɨɛɴɟɦ ɩɪɢɦɟɧɟɧɢɹ ɉɄɆ ɞɥɹ ɫɨɡɞɚɧɢɹ ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɢɡɞɟɥɢɣ 
ɜ ɪɚɡɥɢɱɧɵɯ ɨɬɪɚɫɥɹɯ, ɜ ɬɨɦ ɱɢɫɥɟ ɜ ɧɚɢɛɨɥɟɟ ɦɚɬɟɪɢɚɥɨɟɦɤɨɣ ɫɬɪɨɢɬɟɥɶɧɨɣ ɨɬɪɚɫɥɢ, 
ɧɚ ɨɛɴɟɤɬɚɯ ɬɪɚɧɫɩɨɪɬɚ ɢ ɬ. ɞ.  
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ɗɬɨ ɩɪɟɞɨɩɪɟɞɟɥɢɥɨ ɜɚɠɧɨɫɬɶ ɩɪɨɛɥɟɦɵ ɨɛɟɫɩɟɱɟɧɢɹ ɩɪɢɟɦɥɟɦɨɝɨ ɭɪɨɜɧɹ ɩɨ-
ɤɚɡɚɬɟɥɟɣ ɩɨɠɚɪɨɛɟɡɨɩɚɫɧɨɫɬɢ ɉɄɆ ɢ ɤɨɧɫɬɪɭɤɰɢɣ ɢɡ ɧɢɯ. ɋɧɢɠɟɧɢɟ ɝɨɪɸɱɟɫɬɢ ɢ 
ɩɪɨɱɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɩɨɠɚɪɧɨɣ ɨɩɚɫɧɨɫɬɢ ɫɚɦɢɯ ɩɨɥɢɦɟɪɧɵɯ ɤɨɦɩɨɡɢɬɨɜ ɬɪɚɞɢɰɢɨɧɧɨ 
ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɡɚ ɫɱɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɚɧɬɢɩɢɪɟɧɨɜ, ɦɨɞɢɮɢɤɚɰɢɢ ɢ ɞɪ. ɂɡɜɟɫɬɧɨ, ɱɬɨ 
ɫɧɢɠɟɧɢɟ ɬɚɤɢɦ (ɬɪɚɞɢɰɢɨɧɧɵɦ) ɩɭɬɟɦ ɩɨɤɚɡɚɬɟɥɟɣ ɞɥɹ ɤɨɧɤɪɟɬɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɤɚɤ 
ɩɪɚɜɢɥɨ, ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɭɯɭɞɲɟɧɢɟɦ ɢɯ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɢ ɭɜɟ-
ɥɢɱɟɧɢɟɦ ɫɬɨɢɦɨɫɬɢ. ɉɪɢ ɷɬɨɦ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɢɡɦɟɧɹɸɬɫɹ ɩɨɤɚɡɚɬɟɥɢ ɩɨɠɚɪɧɨɣ ɨɩɚɫ-
ɧɨɫɬɢ ɫɚɦɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɢɡ ɉɄɆ.  

ɉɪɢ ɨɛɟɫɩɟɱɟɧɢɢ ɢ ɨɰɟɧɤɟ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɫɬɪɨɢɬɟɥɶɧɵɯ ɢ ɩɪɨɱɢɯ ɤɨɧ-
ɫɬɪɭɤɰɢɣ ɢɡ ɪɚɡɥɢɱɧɵɯ  ɦɚɬɟɪɢɚɥɨɜ ɧɚɢɛɨɥɶɲɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɨɥɭɱɢɥɢ ɫɥɟɞɭɸɳɢɟ 
ɩɨɤɚɡɚɬɟɥɢ: ɩɪɟɞɟɥ ɨɝɧɟɫɬɨɣɤɨɫɬɢ, ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɳɢɣ ɜɨɡɞɟɣɫɬɜɢɟ ɝɚɡɨɜɨɣ ɫɪɟɞɵ ɩɨ 
ɫɬɚɧɞɚɪɬɧɨɦɭ ɬɟɦɩɟɪɚɬɭɪɧɨɦɭ ɪɟɠɢɦɭ (ȽɈɋɌ 30247.0–94), ɢ ɤɥɚɫɫ ɩɨɠɚɪɧɨɣ ɨɩɚɫɧɨ-
ɫɬɢ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɩɥɚɦɟɧɢ ɩɨ ɩɨɜɟɪɯɧɨɫɬɢ ɤɨɧ-
ɫɬɪɭɤɰɢɢ ɢ ɟɟ ɩɨɜɪɟɠɞɟɧɢɟ. Ⱦɥɹ ɪɚɡɥɢɱɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ, ɚ ɬɚɤɠɟ ɫɢɫɬɟɦ (ɬɨɩɥɢɜɨ- ɢ 
ɦɚɫɥɨɩɪɨɜɨɞɵ, ɷɥɟɤɬɪɨɩɪɨɜɨɞɤɚ) ɢ ɚɝɪɟɝɚɬɨɜ ɚɜɢɚɰɢɨɧɧɨɣ ɬɟɯɧɢɤɢ ɩɪɢɧɹɬɵ ɬɟɪɦɢɧɵ 
ɨɝɧɟɫɬɨɣɤɨɫɬɶ ɢ ɨɝɧɟɧɟɩɪɨɧɢɰɚɟɦɨɫɬɶ, ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɳɢɟ ɜɨɡɞɟɣɫɬɜɢɟ ɝɚɡɨɜɨɣ ɫɪɟ-
ɞɵ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ 1100 °ɋ ɜ ɬɟɱɟɧɢɟ 5 ɢ 15 ɦɢɧ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ɉɧɢ, ɩɨ-ɫɭɳɟɫɬɜɭ, 
ɢɦɟɸɬ ɬɨɬ ɠɟ ɫɦɵɫɥ, ɱɬɨ ɢ ɩɪɟɞɟɥ ɨɝɧɟɫɬɨɣɤɨɫɬɢ.  

Ʉɚɤ ɩɨɤɚɡɚɧɨ ɜ ɪɚɛɨɬɟ Д1Ж, ɩɪɢɦɟɧɟɧɢɟ ȼɈɁɉ ɞɥɹ ɤɨɧɫɬɪɭɤɰɢɣ ɢɡ ɉɄɆ, ɢɦɟɸ-
ɳɢɯ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɢɡɤɭɸ ɬɟɩɥɨɫɬɨɣɤɨɫɬɶ, ɞɚɟɬ ɠɟɥɚɟɦɵɣ ɪɟɡɭɥɶɬɚɬ ɬɨɥɶɤɨ ɜ ɨɩɪɟɞɟ-
ɥɟɧɧɵɯ ɫɥɭɱɚɹɯ, ɚ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɬɚɤɨɝɨ ɪɟɡɭɥɶɬɚɬɚ ɬɪɟɛɭɸɬɫɹ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɢ ɷɤɫ-
ɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɨɛɨɫɧɨɜɚɧɢɹ. Ɉɞɧɢɦ ɢɡ ɭɞɚɱɧɵɯ ɩɪɢɦɟɪɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ȼɈɁɉ 
ɢɦɟɧɧɨ ɞɥɹ ɤɨɦɩɨɡɢɬɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɢɡɞɟɥɢɣ ɹɜɥɹɟɬɫɹ ɫɨɫɬɚɜ ɦɚɪɤɢ ɋȽɄ-β ɧɚ ɨɫ-
ɧɨɜɟ ɯɥɨɪɫɭɥɶɮɢɪɨɜɚɧɧɨɝɨ ɩɨɥɢɷɬɢɥɟɧɚ (ɏɋɉ) ɢ ɬɟɪɦɨɪɚɫɲɢɪɹɸɳɟɝɨɫɹ ɝɪɚɮɢɬɚ 
(ɌɊȽ), ɨɛɟɫɩɟɱɢɜɚɸɳɢɣ β5-ɤɪɚɬɧɨɟ ɜɫɩɭɱɢɜɚɧɢɟ ɩɪɢ ɧɚɝɪɟɜɟ. Ɉɞɧɨɡɧɚɱɧɨ ɞɨɤɚɡɚɧɚ  
ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɶ ɟɝɨ ɩɪɢɦɟɧɟɧɢɹ ɬɨɥɶɤɨ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɩɨɠɚɪɨɛɟɡɨɩɚɫɧɨɫɬɢ ɫɚɦɢɯ 
ɩɨɥɢɦɟɪɧɵɯ ɤɨɦɩɨɡɢɬɨɜ (ɫɬɟɤɥɨɩɥɚɫɬɢɤɨɜ, ɭɝɥɟɩɥɚɫɬɢɤɨɜ, ɩɨɥɢɭɪɟɬɚɧɨɜ, ɪɟɡɢɧ), ɢɡ 
ɤɨɬɨɪɵɯ ɢɡɝɨɬɚɜɥɢɜɚɸɬ ɢɡɞɟɥɢɹ ɜ ɜɢɞɟ ɬɪɭɛ, ɛɚɥɥɨɧɨɜ, ɚɦɨɪɬɢɡɚɬɨɪɨɜ, ɬɨɩɥɢɜɧɵɯ ɛɚ-
ɤɨɜ ɢ ɞɪ. Ʉɚɤ ɩɨɤɚɡɚɧɨ ɜ ɪɚɛɨɬɟ ДβЖ, ɡɧɚɱɢɬɟɥɶɧɨɟ ɫɧɢɠɟɧɢɟ ɝɨɪɸɱɟɫɬɢ ɢ ɞɪɭɝɢɯ ɩɨɤɚ-
ɡɚɬɟɥɟɣ ɩɨɠɚɪɧɨɣ ɨɩɚɫɧɨɫɬɢ ɉɄɆ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɩɪɢ ɬɨɥɳɢɧɟ ɩɨɤɪɵɬɢɹ ɜɫɟɝɨ 0,5 ɦɦ. 
ɉɨɤɪɵɬɢɟ ɋȽɄ-β ɭɫɩɟɲɧɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɡɚɳɢɬɵ ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɢɡɞɟɥɢɣ ɪɚɤɟɬɧɨ-
ɤɨɫɦɢɱɟɫɤɨɣ ɬɟɯɧɢɤɢ. ȼ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɢ ɞɪɭɝɢɯ ɫɮɟɪɚɯ ɨɧɨ ɩɪɢɦɟɧɹɟɬɫɹ ɞɥɹ ɨɛɟɫɩɟɱɟ-
ɧɢɹ ɡɚɞɚɧɧɵɯ ɩɪɟɞɟɥɨɜ ɨɝɧɟɫɬɨɣɤɨɫɬɢ ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɢɡɞɟɥɢɣ, ɜ ɬɨɦ ɱɢɫɥɟ ɜ ɬɟɯ ɫɥɭɱɚ-
ɹɯ, ɤɨɝɞɚ ɬɪɟɛɭɟɬɫɹ ɨɛɟɫɩɟɱɢɬɶ ɜɵɫɨɤɢɟ ɚɬɦɨɫɮɟɪɨ- ɢ ɜɥɚɝɨɫɬɨɣɤɨɫɬɶ, ɫɬɨɣɤɨɫɬɶ  
ɤ ɨɤɢɫɥɢɬɟɥɶɧɵɦ ɫɪɟɞɚɦ ɢ ɜɢɛɪɚɰɢɢ, ɚ ɬɚɤɠɟ ɢɯ ɩɪɨɞɨɥɠɢɬɟɥɶɧɭɸ ɷɤɫɩɥɭɚɬɚɰɢɸ.  
Ɉɞɧɚɤɨ ɷɬɨ ɩɨɤɪɵɬɢɟ (ɜɜɢɞɭ ɦɟɧɟɟ ɢɧɬɟɧɫɢɜɧɨɝɨ ɜɫɩɭɱɢɜɚɧɢɹ) ɨɛɥɚɞɚɟɬ ɦɟɧɶɲɟɣ ɨɝɧɟ-
ɡɚɳɢɬɧɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ ɢ ɛɨɥɶɲɟɣ ɫɬɨɢɦɨɫɬɶɸ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɛɨɥɶɲɢɧɫɬɜɨɦ ɞɪɭ-
ɝɢɯ ɬɪɚɞɢɰɢɨɧɧɨ ɩɪɢɦɟɧɹɟɦɵɯ ȼɈɁɉ. 

ɋɩɟɰɢɮɢɤɚ ɚɜɢɚɰɢɨɧɧɨɣ ɨɬɪɚɫɥɢ ɨɛɭɫɥɨɜɢɥɚ ɞɨɫɬɚɬɨɱɧɨ ɧɟɛɨɥɶɲɭɸ ɧɨɦɟɧɤɥɚ-
ɬɭɪɭ ɩɪɢɦɟɧɹɟɦɵɯ ȼɈɁɉ. Ɍɚɤ, ɢɦɟɟɬɫɹ ɩɪɢɦɟɪ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɚɬɟɪɢɚɥɚ ɋȽɄ-1 (ɩɨ-
ɞɨɛɧɨɝɨ ɩɨ ɪɟɰɟɩɬɭɪɟ ɫɨɫɬɚɜɭ ɋȽɄ-β) ɞɥɹ ɡɚɳɢɬɵ ɤɨɠɭɯɚ ɞɜɢɝɚɬɟɥɹ ɜɟɪɬɨɥɟɬɚ Ɇɢ-38. 
ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɬɚɤɨɝɨ ɩɨɤɪɵɬɢɹ ɬɨɥɳɢɧɨɣ β ɦɦ ɨɛɟɫɩɟɱɢɥɨ ɨɝɧɟɧɟɩɪɨɧɢɰɚɟɦɨɫɬɶ ɤɨ-
ɠɭɯɚ, ɜɵɩɨɥɧɟɧɧɨɝɨ ɢɡ ɚɥɸɦɢɧɢɟɜɨɝɨ ɫɩɥɚɜɚ Ⱦ16-ȺɌ. ɗɬɨɦɭ ɫɩɨɫɨɛɫɬɜɨɜɚɥɨ ɬɨ, ɱɬɨ  
ɭ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɨɫɧɨɜɟ ɏɋɉ ɢ ɌɊȽ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɱɚɥɚ ɜɫɩɭɱɢɜɚɧɢɹ ɫɭɳɟɫɬɜɟɧɧɨ 
ɦɟɧɶɲɟ, ɱɟɦ ɭ ɛɨɥɶɲɢɧɫɬɜɚ ɞɪɭɝɢɯ ȼɈɁɉ. ɗɬɨ ɜɚɠɧɵɣ ɩɨɤɚɡɚɬɟɥɶ, ɜɥɢɹɸɳɢɣ ɧɚ ɜɵ-
ɛɨɪ ɨɩɬɢɦɚɥɶɧɨɣ ɨɝɧɟɡɚɳɢɬɵ ɤɨɧɫɬɪɭɤɰɢɣ ɧɟ ɬɨɥɶɤɨ ɢɡ ɉɄɆ, ɧɨ ɢ ɢɡ ɚɥɸɦɢɧɢɟɜɵɯ 
ɫɩɥɚɜɨɜ, ɢɦɟɸɳɢɯ ɬɚɤɠɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɢɡɤɭɸ ɬɟɪɦɨɫɬɨɣɤɨɫɬɶ.  

ɂɡɜɟɫɬɧɚ ɧɨɦɟɧɤɥɚɬɭɪɚ ɜɫɩɭɱɢɜɚɸɳɢɯɫɹ ɩɨɤɪɵɬɢɣ, ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɜ ɇɂɐ 
«Ʉɭɪɱɚɬɨɜɫɤɢɣ ɢɧɫɬɢɬɭɬ» – ȼɂȺɆ (ɞɚɥɟɟ – ȼɂȺɆ) ɢ ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ 
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ɞɥɹ ɡɚɳɢɬɵ ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɚɝɪɟɝɚɬɨɜ ɚɜɢɚɰɢɨɧɧɨɣ ɬɟɯɧɢɤɢ Дγ, 4Ж, ɜ ɬɨɦ ɱɢɫɥɟ ɫɨɫɬɚɜ ɧɚ 
ɨɫɧɨɜɟ ɏɋɉ ɢ ɌɊȽ ɦɚɪɤɢ ȼɁɈ-λɯ. ȼ ɪɚɛɨɬɟ ДγЖ ɭɤɚɡɚɧɨ, ɱɬɨ ɩɪɢ ɟɝɨ ɧɚɝɪɟɜɟ ɨɛɟɫɩɟɱɢ-
ɜɚɟɬɫɹ 10-ɤɪɚɬɧɨɟ ɜɫɩɭɱɢɜɚɧɢɟ. ɂɫɩɨɥɶɡɭɟɬɫɹ ɬɚɤɠɟ ɫɨɫɬɚɜ ȼɁɈ-λȺ ɜ ɜɢɞɟ ɩɚɫɬɵ ɢ ɥɟɧ-
ɬɵ ɧɚ ɨɫɧɨɜɟ ɧɢɡɤɨɦɨɥɟɤɭɥɹɪɧɨɝɨ ɩɨɥɢɦɟɬɢɥɮɟɧɢɥɫɢɥɨɤɫɚɧɨɜɨɝɨ ɤɚɭɱɭɤɚ, ɩɪɢ ɧɚɝɪɟɜɟ 
ɤɨɬɨɪɨɝɨ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ 1β-ɤɪɚɬɧɨɟ ɜɫɩɭɱɢɜɚɧɢɟ Дγ, 4Ж. ɋɨɫɬɚɜɵ ɩɪɢɦɟɧɹɸɬɫɹ ɩɪɟ-
ɢɦɭɳɟɫɬɜɟɧɧɨ ɞɥɹ ɡɚɳɢɬɵ ɤɨɧɫɬɪɭɤɰɢɣ ɢɡ ɚɥɸɦɢɧɢɟɜɵɯ ɫɩɥɚɜɨɜ ɢ ɧɚɧɨɫɹɬɫɹ ɧɟɩɨ-
ɫɪɟɞɫɬɜɟɧɧɨ ɧɚ ɧɢɯ. ɗɬɢ ɩɨɤɪɵɬɢɹ ɦɨɝɭɬ ɩɪɢɦɟɧɹɬɶɫɹ ɬɚɤɠɟ ɜ ɫɨɫɬɚɜɟ ɤɨɦɛɢɧɢɪɨɜɚɧ-
ɧɨɣ ɨɝɧɟɡɚɳɢɬɵ ɫ ɩɪɨɦɟɠɭɬɨɱɧɵɦ ɫɥɨɟɦ ɢɡ ɬɟɪɦɨɫɬɨɣɤɨɣ ɬɤɚɧɢ ɜ ɤɚɱɟɫɬɜɟ ɬɟɩɥɨɢɡɨ-
ɥɹɰɢɨɧɧɨɣ ɩɨɞɥɨɠɤɢ. Ɉɞɧɚɤɨ ɜɧɟ ɚɜɢɚɰɢɨɧɧɨɣ ɨɬɪɚɫɥɢ ɩɨɤɪɵɬɢɹ ɦɚɪɨɤ ȼɁɈ-λȺ ɢ 
ȼɁɈ-λɯ ɩɨɤɚ ɢɫɩɨɥɶɡɭɸɬɫɹ ɪɟɞɤɨ. Ⱦɥɹ ɷɬɢɯ ɦɚɬɟɪɢɚɥɨɜ ɩɪɟɞɭɫɦɨɬɪɟɧɨ ɨɩɪɟɞɟɥɟɧɢɟ 
ɛɨɥɶɲɨɝɨ ɩɟɪɟɱɧɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɬɪɟɛɭɟɦɵɯ ɞɥɹ ɨɛɨɫɧɨɜɚɧɢɹ ɜɨɡɦɨɠɧɨɫɬɢ ɢɯ ɢɫɩɨɥɶ-
ɡɨɜɚɧɢɹ ɞɥɹ ɡɚɳɢɬɵ ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɚɝɪɟɝɚɬɨɜ.  

ɇɟ ɜɵɡɵɜɚɟɬ ɫɨɦɧɟɧɢɣ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɩɪɨɜɟɞɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜɥɢɹɧɢɹ ɫɬɚɪɟ-
ɧɢɹ ɧɚ ɤɨɦɩɥɟɤɫ ɨɫɧɨɜɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɨɠɚɪɨɛɟɡɨɩɚɫɧɨɫɬɢ ɩɨɥɢɦɟɪɧɵɯ ɤɨɦɩɨɡɢ-
ɬɨɜ (ɜ ɬɨɦ ɱɢɫɥɟ ɢ ȼɈɁɉ) ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɨɩɪɟɞɟɥɟɧɢɟɦ ɢ ɩɨɞɬɜɟɪɠɞɟɧɢɟɦ ɝɚɪɚɧɬɢɣ-
ɧɵɯ ɫɪɨɤɨɜ ɷɤɫɩɥɭɚɬɚɰɢɢ ɜɫɟɯ ɦɚɬɟɪɢɚɥɨɜ ɢ ɷɥɟɦɟɧɬɨɜ. ɉɨɧɹɬɧɨ ɬɚɤɠɟ, ɱɬɨ ɩɪɨɛɥɟɦɚ 
ɨɛɟɫɩɟɱɟɧɢɹ ɞɨɥɝɨɜɟɱɧɨɫɬɢ ɦɚɬɟɪɢɚɥɨɜ, ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɢɡɞɟɥɢɣ ɚɤɬɭɚɥɶɧɚ ɞɥɹ ɜɫɟɯ ɨɬ-
ɪɚɫɥɟɣ. ɇɨ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ, ɤɚɤ ɧɢ ɩɚɪɚɞɨɤɫɚɥɶɧɨ, ɧɚɢɛɨɥɟɟ ɧɟɛɥɚɝɨɩɪɢɹɬɧɚɹ ɫɢɬɭɚ-
ɰɢɹ ɫɥɨɠɢɥɚɫɶ ɜ ɫɬɪɨɢɬɟɥɶɧɨɣ ɨɬɪɚɫɥɢ, ɬ. ɟ. ɬɚɦ, ɝɞɟ ɨɛɴɟɦ ɩɨɬɪɟɛɥɟɧɢɹ ȼɈɁɉ ɧɟɫɨɢɡ-
ɦɟɪɢɦɨ ɛɨɥɶɲɟ, ɱɟɦ ɜ ɞɪɭɝɢɯ ɫɮɟɪɚɯ. ɉɪɢɯɨɞɢɬɫɹ ɤɨɧɫɬɚɬɢɪɨɜɚɬɶ, ɱɬɨ ɷɬɚ ɡɚɞɚɱɚ 
ɞɨɥɠɧɵɦ ɨɛɪɚɡɨɦ ɧɟ ɪɟɲɚɟɬɫɹ ɤɚɤ ɞɥɹ ɦɧɨɝɢɯ ɞɚɜɧɨ ɷɤɫɩɥɭɚɬɢɪɭɟɦɵɯ, ɬɚɤ ɢ ɞɥɹ ɜɧɨɜɶ 
ɜɨɡɜɨɞɢɦɵɯ ɫɬɪɨɢɬɟɥɶɧɵɯ ɨɛɴɟɤɬɨɜ. Ʉ ɬɨɦɭ ɠɟ ɧɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɭɠɟ ɢɦɟɸɳɢɟɫɹ  
ɜ ɞɪɭɝɢɯ ɨɬɪɚɫɥɹɯ ɧɚɪɚɛɨɬɤɢ.  

ɉɨɞɬɜɟɪɠɞɟɧɢɟɦ ɚɤɬɭɚɥɶɧɨɫɬɢ ɨɛɨɡɧɚɱɟɧɧɨɣ ɩɪɨɛɥɟɦɵ ɹɜɥɹɟɬɫɹ ɧɟɛɥɚɝɨɩɪɢɹɬ-
ɧɚɹ ɫɢɬɭɚɰɢɹ, ɫɥɨɠɢɜɲɚɹɫɹ ɧɚ ɬɚɤɢɯ ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɨɛɴɟɤɬɚɯ, ɤɚɤ Ⱥɗɋ, Ɍɗɐ ɢ ɞɪ. Ɋɚ-
ɛɨɬɵ ɩɨ ɧɚɧɟɫɟɧɢɸ ȼɈɁɉ ɧɚ ɧɟɫɭɳɢɟ ɦɟɬɚɥɥɨɤɨɧɫɬɪɭɤɰɢɢ ɦɧɨɝɢɯ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟ-
ɧɢɣ ɩɪɨɢɡɜɨɞɢɥɢɫɶ ɭɠɟ ɛɨɥɟɟ 15 ɥɟɬ ɧɚɡɚɞ, ɢ ɨɬɫɭɬɫɬɜɭɸɬ ɨɛɨɫɧɨɜɚɧɧɵɟ ɞɨɤɚɡɚɬɟɥɶ-
ɫɬɜɚ ɫɨɯɪɚɧɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨɝɨ ɭɪɨɜɧɹ ɨɝɧɟɡɚɳɢɬɧɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢ ɨɛɟɫɩɟɱɟɧɢɹ 
ɬɪɟɛɭɟɦɵɯ ɩɪɟɞɟɥɨɜ ɢɯ ɨɝɧɟɫɬɨɣɤɨɫɬɢ, ɚ ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɞɨɥɠɧɨɝɨ ɭɪɨɜɧɹ ɩɨɠɚɪɨ-
ɛɟɡɨɩɚɫɧɨɫɬɢ ɬɚɤɢɯ ɫɬɪɨɢɬɟɥɶɧɵɯ ɨɛɴɟɤɬɨɜ.  

Ⱥɧɚɥɢɡ ɨɩɵɬɚ ɪɚɡɜɢɬɵɯ ɡɚɪɭɛɟɠɧɵɯ ɫɬɪɚɧ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɬɚɦ ɩɪɚɤɬɢɤɭɟɬɫɹ 
ɨɰɟɧɤɚ ɢɡɦɟɧɟɧɢɹ ɫɨ ɜɪɟɦɟɧɟɦ ɨɝɧɟɡɚɳɢɬɧɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɫɩɵɬɚ-
ɧɢɣ ɜ ɨɝɧɟɜɵɯ ɩɟɱɚɯ ɨɛɪɚɡɰɨɜ ɜ ɜɢɞɟ ɫɬɚɥɶɧɵɯ ɩɥɚɫɬɢɧ ɫ ȼɈɁɉ ɞɨ ɢ ɩɨɫɥɟ ɭɫɤɨɪɟɧɧɵɯ 
ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɢɫɩɵɬɚɧɢɣ (ɍɄɂ) ɥɢɛɨ ɩɪɨɲɟɞɲɢɯ ɟɫɬɟɫɬɜɟɧɧɨɟ ɫɬɚɪɟɧɢɟ ɜ ɬɟɱɟɧɢɟ 
ɡɚɞɚɧɧɨɝɨ ɩɟɪɢɨɞɚ ɜɪɟɦɟɧɢ ɜ ɭɫɥɨɜɢɹɯ ɤɨɧɤɪɟɬɧɨɝɨ ɨɛɴɟɤɬɚ ɡɚɳɢɬɵ. Ⱦɥɹ ɬɢɩɢɱɧɵɯ 
ȼɈɁɉ ɡɚ ɪɭɛɟɠɨɦ ɨɛɵɱɧɨ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɫɪɨɤ ɷɤɫɩɥɭɚɬɚɰɢɢ 10 ɢ ɧɟ ɛɨɥɟɟ 15 ɥɟɬ  
ɢɡ-ɡɚ ɩɨɧɢɦɚɧɢɹ ɧɟɢɡɛɟɠɧɨɣ ɞɟɝɪɚɞɚɰɢɢ ɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɢ ɨɩɚɫɟɧɢɣ ɮɢɪɦ ɜ ɩɨɫɥɟ-
ɞɭɸɳɟɣ ɸɪɢɞɢɱɟɫɤɨɣ ɢ ɮɢɧɚɧɫɨɜɨɣ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɢ ɜ ɫɥɭɱɚɟ ɧɚɡɧɚɱɟɧɢɹ ɡɚɜɵɲɟɧɧɵɯ 
ɝɚɪɚɧɬɢɣɧɵɯ ɫɪɨɤɨɜ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɩɪɢ ɜɵɹɜɥɟɧɢɢ ɡɧɚɱɢɦɨɝɨ ɢɡɦɟɧɟɧɢɹ ɫɨ ɜɪɟɦɟɧɟɦ 
ɨɝɧɟɡɚɳɢɬɧɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɨɤɪɵɬɢɣ ɨɬɫɭɬɫɬɜɭɸɬ ɱɟɬɤɢɟ ɪɟɤɨɦɟɧɞɚɰɢɢ ɩɨ ɤɨɥɢɱɟ-
ɫɬɜɟɧɧɨɣ ɨɰɟɧɤɟ ɢɯ ɨɝɧɟɡɚɳɢɬɧɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢ ɞɚɥɶɧɟɣɲɢɦ ɦɟɪɚɦ ɩɨ ɨɛɨɫɧɨɜɚ-
ɧɢɸ ɢ ɨɛɟɫɩɟɱɟɧɢɸ ɬɪɟɛɭɟɦɨɝɨ ɭɪɨɜɧɹ ɨɝɧɟɫɬɨɣɤɨɫɬɢ ɤɨɧɫɬɪɭɤɰɢɣ. 

ȼ ɊɎ ɧɚ ɷɤɫɩɥɭɚɬɢɪɭɟɦɵɯ Ⱥɗɋ ɢ ɦɧɨɝɢɯ ɞɪɭɝɢɯ ɫɬɪɨɢɬɟɥɶɧɵɯ ɨɛɴɟɤɬɚɯ ɨɛɵɱɧɨ 
ɨɝɪɚɧɢɱɢɜɚɸɬɫɹ ɨɫɦɨɬɪɨɦ ɫɨɫɬɨɹɧɢɹ ɨɝɧɟɡɚɳɢɬɵ, ɨɰɟɧɤɨɣ ɚɞɝɟɡɢɢ ɩɨ ȽɈɋɌ 9.401–2008 
ɞɥɹ ɥɚɤɨɤɪɚɫɨɱɧɵɯ ɩɨɤɪɵɬɢɣ ɢ ɪɟɦɨɧɬɨɦ ɞɟɮɟɤɬɧɵɯ ɭɱɚɫɬɤɨɜ. ɇɟ ɞɨɛɚɜɢɥɢ ɨɩɪɟɞɟɥɟɧ-
ɧɨɫɬɢ ɢ ɧɟɞɚɜɧɨ ɜɵɲɟɞɲɢɟ «ɉɪɚɜɢɥɚ ɩɪɨɬɢɜɨɩɨɠɚɪɧɨɝɨ ɪɟɠɢɦɚ ɜ ɊɎ», ɭɬɜɟɪɠɞɟɧɧɵɟ 
ɉɨɫɬɚɧɨɜɥɟɧɢɟɦ ɉɪɚɜɢɬɟɥɶɫɬɜɚ ɨɬ 16.0λ.β0β0 № 147λ (ɪɟɞɚɤɰɢɹ ɨɬ γ1.1β.β0β0), ɤɨɬɨ-
ɪɵɟ  ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɬɪɟɛɨɜɚɧɢɹ ɩɨ ɨɛɟɫɩɟɱɟɧɢɸ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɡɞɚɧɢɣ,  
ɫɨɨɪɭɠɟɧɢɣ ɢ ɞɪɭɝɢɯ ɨɛɴɟɤɬɨɜ ɡɚɳɢɬɵ. 
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ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩ. 1γ «ɉɪɚɜɢɥ ɩɪɨɬɢɜɨɩɨɠɚɪɧɨɝɨ ɪɟɠɢɦɚ ɜ ɊɎ» ɧɟɨɛɯɨɞɢɦɨ 
ɨɛɟɫɩɟɱɢɬɶ ɫɨɛɥɸɞɟɧɢɟ ɩɪɨɟɤɬɧɵɯ ɪɟɲɟɧɢɣ ɜ ɨɬɧɨɲɟɧɢɢ ɩɪɟɞɟɥɨɜ ɨɝɧɟɫɬɨɣɤɨɫɬɢ ɤɨɧ-
ɫɬɪɭɤɰɢɣ ɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɨɫɭɳɟɫɬɜɥɹɬɶ ɩɪɨɜɟɪɤɭ ɧɟ ɪɟɠɟ 1 ɪɚɡɚ ɜ ɝɨɞ ɫɨɫɬɨɹɧɢɹ ɨɝ-
ɧɟɡɚɳɢɬɧɨɝɨ ɩɨɤɪɵɬɢɹ ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɧɨɪɦɚɬɢɜɧɵɦɢ 
ɞɨɤɭɦɟɧɬɚɦɢ ɩɨ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɚ ɬɚɤɠɟ ɬɟɯɧɢɱɟɫɤɨɣ ɞɨɤɭɦɟɧɬɚɰɢɟɣ ɢɡɝɨɬɨ-
ɜɢɬɟɥɹ ɫɪɟɞɫɬɜɚ ɨɝɧɟɡɚɳɢɬɵ ɢ (ɢɥɢ) ɩɪɨɢɡɜɨɞɢɬɟɥɹ ɨɝɧɟɡɚɳɢɬɧɵɯ ɪɚɛɨɬ. ȼ ɫɥɭɱɚɟ 
ɨɤɨɧɱɚɧɢɹ ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɝɨ ɫɪɨɤɚ ɷɤɫɩɥɭɚɬɚɰɢɢ ɨɝɧɟɡɚɳɢɬɧɨɝɨ ɩɨɤɪɵɬɢɹ ɩɪɟɞɭɫɦɨɬ-
ɪɟɧɨ ɩɪɨɜɟɞɟɧɢɟ ɩɨɜɬɨɪɧɨɣ ɨɛɪɚɛɨɬɤɢ ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɢɧɠɟɧɟɪɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ  
ɨɛɴɟɤɬɨɜ ɡɚɳɢɬɵ ɢɥɢ ɟɠɟɝɨɞɧɵɯ ɢɫɩɵɬɚɧɢɣ ɥɢɛɨ ɨɛɨɫɧɨɜɚɧɢɟ ɪɚɫɱɟɬɧɨ-
ɚɧɚɥɢɬɢɱɟɫɤɢɦɢ ɦɟɬɨɞɚɦɢ ɫɨɨɬɜɟɬɫɬɜɢɹ ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɢɧɠɟɧɟɪɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 
ɬɪɟɛɨɜɚɧɢɹɦ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ. 

ɇɨ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɩɨ ɨɤɨɧɱɚɧɢɢ ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɝɨ ɫɪɨɤɚ ɷɤɫɩɥɭɚɬɚɰɢɢ 
ȼɈɁɉ ɜɦɟɫɬɨ ɟɝɨ ɩɨɜɬɨɪɧɨɝɨ ɧɚɧɟɫɟɧɢɹ ɫɪɨɤ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɪɨɞɥɟɜɚɟɬɫɹ. ɉɪɢ ɷɬɨɦ 
ɩɪɨɰɟɞɭɪɚ ɩɨɥɭɱɟɧɢɹ ɧɟɨɛɯɨɞɢɦɵɯ ɨɛɨɫɧɨɜɚɧɢɣ ɞɥɹ ɬɚɤɨɝɨ ɩɪɨɞɥɟɧɢɹ ɧɟ ɪɟɝɥɚɦɟɧɬɢ-
ɪɭɟɬɫɹ, ɫɬɚɧɨɜɢɬɫɹ ɧɟɤɨɧɬɪɨɥɢɪɭɟɦɨɣ, ɱɟɦ ɦɨɝɭɬ ɩɨɥɶɡɨɜɚɬɶɫɹ ɧɟɞɨɛɪɨɫɨɜɟɫɬɧɵɟ ɢɡɝɨ-
ɬɨɜɢɬɟɥɢ ȼɈɁɉ ɢ (ɢɥɢ) ɢɫɩɨɥɧɢɬɟɥɢ ɪɚɛɨɬ ɩɨ ɢɯ ɧɚɧɟɫɟɧɢɸ. ɗɬɨ ɪɟɚɥɶɧɨ ɧɚɛɥɸɞɚɟɬɫɹ 
ɧɚ ɩɪɚɤɬɢɤɟ ɜ ɜɢɞɟ ɩɨɹɜɥɟɧɢɹ ɡɚɤɥɸɱɟɧɢɣ ɫ ɭɤɚɡɚɧɢɟɦ ɹɜɧɨ ɱɪɟɡɦɟɪɧɵɯ ɞɥɹ ȼɈɁɉ ɝɚ-
ɪɚɧɬɢɣɧɵɯ ɫɪɨɤɨɜ ɢɯ ɷɤɫɩɥɭɚɬɚɰɢɢ. ɂɦɟɸɳɢɣɫɹ «ɧɨɪɦɚɬɢɜɧɵɣ ɜɚɤɭɭɦ» ɜɨ ɦɧɨɝɨɦ 
ɫɜɹɡɚɧ ɫ ɬɟɦ, ɱɬɨ ɧɟ ɭɜɟɧɱɚɥɢɫɶ ɭɫɩɟɯɨɦ ɩɨɩɵɬɤɢ ȼɇɂɂɉɈ Ɇɑɋ ɫɨɝɥɚɫɨɜɚɬɶ ɢ ɭɬɜɟɪ-
ɞɢɬɶ ɦɟɬɨɞɢɤɭ Д5Ж, ɤɨɬɨɪɚɹ, ɧɟɫɦɨɬɪɹ ɧɚ ɹɜɧɵɟ ɧɟɞɨɫɬɚɬɤɢ, ɦɨɝɥɚ ɯɨɬɹ ɛɵ ɫɩɨɫɨɛɫɬɜɨ-
ɜɚɬɶ ɧɚɱɚɥɭ ɪɟɲɟɧɢɹ ɞɚɧɧɨɣ ɡɚɞɚɱɢ. Ɉɫɬɚɥɢɫɶ ɛɟɡ ɜɧɢɦɚɧɢɹ ɩɪɟɞɥɨɠɟɧɢɹ ɧɚɲɟɣ ɨɪɝɚ-
ɧɢɡɚɰɢɢ, ɧɚɩɪɚɜɥɟɧɧɵɟ ɜ Ɋɨɫɷɧɟɪɝɨɚɬɨɦ, ɩɨ ɪɚɡɪɚɛɨɬɤɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɦɟɬɨɞɢɱɟ-
ɫɤɢɯ ɭɤɚɡɚɧɢɣ ɞɥɹ Ⱥɗɋ, ɧɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɞɥɹ ɧɢɯ ɷɬɚ ɩɪɨɛɥɟɦɚ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ 
ɧɚɢɛɨɥɟɟ ɚɤɬɭɚɥɶɧɚ Д6Ж. 

ɇɚɢɛɨɥɶɲɢɣ ɩɨɬɟɧɰɢɚɥ ɞɥɹ ɪɟɲɟɧɢɹ ɭɩɨɦɹɧɭɬɵɯ ɡɚɞɚɱ, ɚ ɬɚɤɠɟ ɨɩɪɟɞɟɥɟɧɧɵɟ 
ɧɚɪɚɛɨɬɤɢ ɩɨ ȼɈɁɉ ɤɚɤ ɨɞɧɨɣ ɢɡ ɪɚɡɧɨɜɢɞɧɨɫɬɟɣ ɉɄɆ ɢɦɟɸɬɫɹ ɜ ɪɚɤɟɬɧɨ-
ɤɨɫɦɢɱɟɫɤɨɣ ɢ ɚɜɢɚɰɢɨɧɧɨɣ ɨɬɪɚɫɥɹɯ. ɗɬɨ ɦɨɠɟɬ ɫɬɚɬɶ ɨɫɧɨɜɨɣ ɞɥɹ ɢɧɢɰɢɢɪɨɜɚɧɢɹ ɢ 
ɩɪɨɜɟɞɟɧɢɹ ɜ ɩɨɫɥɟɞɭɸɳɟɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɢɫ-
ɫɥɟɞɨɜɚɧɢɣ, ɜɨɫɬɪɟɛɨɜɚɧɧɵɯ ɧɟ ɬɨɥɶɤɨ ɞɥɹ ɷɬɢɯ, ɧɨ ɢ ɞɥɹ ɞɪɭɝɢɯ ɨɬɪɚɫɥɟɣ – ɜ ɨɫɨɛɟɧ-
ɧɨɫɬɢ ɞɥɹ ɫɬɪɨɢɬɟɥɶɧɨɣ ɨɬɪɚɫɥɢ, ɤɨɬɨɪɚɹ ɨɛɥɚɞɚɟɬ ɧɚɢɛɨɥɶɲɢɦ ɩɨɬɟɧɰɢɚɥɨɦ ɜ ɱɚɫɬɢ 
ɩɪɢɦɟɧɟɧɢɹ ɤɚɤ ɉɄɆ, ɬɚɤ ɢ ȼɈɁɉ ɞɥɹ ɡɚɳɢɬɵ ɤɨɧɫɬɪɭɤɰɢɣ ɨɬ ɩɨɠɚɪɨɜ. 

ȿɫɥɢ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɢɦɟɸɳɢɟɫɹ ɧɚɪɚɛɨɬɤɢ, ɬɨ ɦɨɠɧɨ ɭɩɨɦɹɧɭɬɶ ȽɈɋɌ Ɋ 57λβ9–
β017 «Ʉɨɦɩɨɡɢɬɵ ɩɨɥɢɦɟɪɧɵɟ. Ɇɟɬɨɞɢɤɚ ɨɩɪɟɞɟɥɟɧɢɹ ɫɨɯɪɚɧɧɨɫɬɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɨ-
ɠɚɪɧɨɣ ɨɩɚɫɧɨɫɬɢ ɩɨɫɥɟ ɜɨɡɞɟɣɫɬɜɢɹ ɢɫɤɭɫɫɬɜɟɧɧɵɯ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ», ɪɚɡɪɚ-
ɛɨɬɚɧɧɵɣ ɜ ȼɂȺɆ. ȼ ɧɟɦ ɩɪɟɞɥɚɝɚɟɬɫɹ ɨɰɟɧɢɜɚɬɶ ɜɥɢɹɧɢɟ ɫɬɚɪɟɧɢɹ ɩɨɫɥɟ ɍɄɂ ɧɚ ɫɨ-
ɨɬɜɟɬɫɬɜɭɸɳɢɟ ɩɨɤɚɡɚɬɟɥɢ ɩɪɢɦɟɧɹɟɦɵɯ ɦɚɬɟɪɢɚɥɨɜ – ɝɨɪɸɱɟɫɬɶ, ɬɨɤɫɢɱɧɨɫɬɶ, ɞɵɦɨ-
ɨɛɪɚɡɭɸɳɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɢ ɞɪ. ɉɪɢɱɟɦ ɜ ȼɂȺɆ ɢɦɟɟɬɫɹ ɧɟɦɚɥɵɣ ɡɚɞɟɥ ɩɨ ɢɫɫɥɟɞɨɜɚ-
ɧɢɸ ɬɚɤɨɝɨ ɜɥɢɹɧɢɹ ɧɚ ɰɟɥɵɣ ɪɹɞ ɩɨɞɨɛɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɨɥɢɦɟɪɧɵɯ ɤɨɦɩɨɡɢɬɨɜ, 
ɩɪɢɦɟɧɹɟɦɵɯ ɜ ɚɜɢɚɫɬɪɨɟɧɢɢ, ɱɬɨ ɨɬɪɚɠɟɧɨ, ɧɚɩɪɢɦɟɪ, ɜ ɩɭɛɥɢɤɚɰɢɹɯ Д7–9Ж. ɇɨ  
ȽɈɋɌ Ɋ 57λβλ–β017 ɧɟ ɤɨɧɤɪɟɬɢɡɢɪɭɟɬ ɩɨɪɹɞɨɤ ɨɰɟɧɤɢ ɜɥɢɹɧɢɹ ɫɬɚɪɟɧɢɹ ɧɚ ɜɚɠɧɟɣ-
ɲɢɣ ɩɨɤɚɡɚɬɟɥɶ – ɩɪɟɞɟɥ ɨɝɧɟɫɬɨɣɤɨɫɬɢ (ɢɥɢ ɨɝɧɟɧɟɩɪɨɧɢɰɚɟɦɨɫɬɶ) ɤɨɧɫɬɪɭɤɰɢɣ ɢɡ 
ɉɄɆ ɢ ɞɪɭɝɢɯ ɦɚɬɟɪɢɚɥɨɜ ɤɚɤ ɩɪɢ ɧɚɥɢɱɢɢ, ɬɚɤ ɢ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɢɯ ɨɝɧɟɡɚɳɢɬɵ.  

Ɉ ɩɨɧɢɦɚɧɢɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɩɨɞɨɛɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɩɪɟɞ-
ɫɬɚɜɥɟɧɧɵɟ ɜ ɪɚɛɨɬɟ Д4Ж ɪɟɡɭɥɶɬɚɬɵ ɨɰɟɧɤɢ ɢɡɦɟɧɟɧɢɣ ɫɨ ɜɪɟɦɟɧɟɦ ɢ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ 
ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ ɨɫɧɨɜɧɵɯ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɫɨɫɬɚɜɚ  
ȼɁɈ-λȺ, ɚ ɬɚɤɠɟ ɟɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɜɫɩɭɱɢɜɚɧɢɹ, ɤɨɬɨɪɵɣ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜɥɢɹɟɬ ɧɚ 
ɨɝɧɟɡɚɳɢɬɧɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɨɤɪɵɬɢɹ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɩɪɢ ɤɨɷɮɮɢɰɢɟɧɬɟ ɜɫɩɭɱɢɜɚɧɢɹ 
ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ, ɪɚɜɧɨɦ 1β, ɟɝɨ ɜɟɥɢɱɢɧɚ ɭɦɟɧɶɲɚɟɬɫɹ ɩɨɫɥɟ ɭɫɤɨɪɟɧɧɨɝɨ ɫɬɚɪɟ-
ɧɢɹ, ɢɦɢɬɢɪɭɸɳɟɝɨ 1 ɝɨɞ ɷɤɫɩɥɭɚɬɚɰɢɢ, – ɞɨ ɡɧɚɱɟɧɢɹ 10,β, ɚ ɩɨɫɥɟ ɜɵɞɟɪɠɤɢ ɜ ɤɚɦɟɪɟ 
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ɫɨɥɟɜɨɝɨ ɬɭɦɚɧɚ ɜ ɬɟɱɟɧɢɟ 1 ɦɟɫ – ɞɨ ɡɧɚɱɟɧɢɹ λ,1. ɗɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɜɨɡɦɨɠɧɨɫɬɢ 
ɡɧɚɱɢɦɨɝɨ ɢɡɦɟɧɟɧɢɹ ɤɪɚɬɧɨɫɬɢ ɜɫɩɭɱɢɜɚɧɢɹ ɢ ɨɝɧɟɡɚɳɢɬɧɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɨɤɪɵɬɢɹ 
ɞɥɹ ɪɟɚɥɶɧɵɯ ɫɪɨɤɨɜ ɢ ɭɫɥɨɜɢɣ ɷɤɫɩɥɭɚɬɚɰɢɢ. 

Ⱥɧɚɥɢɡ ɢɦɟɸɳɢɯɫɹ ɩɭɛɥɢɤɚɰɢɣ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ, ɱɬɨ ɩɨɹɜɥɹɟɬɫɹ ɜɫɟ ɛɨɥɶɲɟ ɞɨ-
ɤɚɡɚɬɟɥɶɫɬɜ ɫɭɳɟɫɬɜɟɧɧɨɝɨ ɢɡɦɟɧɟɧɢɹ ɫɨ ɜɪɟɦɟɧɟɦ ɨɫɧɨɜɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ȼɈɁɉ.  
ȼ ɫɬɚɬɶɟ [10] ɨɬɦɟɱɚɟɬɫɹ, ɱɬɨ ɩɨɫɥɟ ɍɄɂ ɮɢɤɫɢɪɭɸɬɫɹ ɢɡɦɟɧɟɧɢɹ ɮɚɡɨɜɨɝɨ ɢ ɫɬɪɭɤɬɭɪ-
ɧɨɝɨ ɫɨɫɬɚɜɚ ɢ ɩɚɪɚɦɟɬɪɨɜ ɬɟɪɦɨɚɧɚɥɢɡɚ ɬɢɩɢɱɧɵɯ ɞɥɹ ɫɬɪɨɢɬɟɥɶɧɨɣ ɨɬɪɚɫɥɢ ɩɨɤɪɵɬɢɣ 
ɧɚ ɨɫɧɨɜɟ ɩɨɥɢɮɨɫɮɚɬɚ ɚɦɦɨɧɢɹ (ɉɎȺ)-ɦɟɥɚɦɢɧɚ-ɩɟɧɬɚɷɪɢɬɪɢɬɚ. ɍɫɬɚɧɨɜɥɟɧɨ, ɜ 
ɱɚɫɬɧɨɫɬɢ,  ɭɦɟɧɶɲɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɦɟɥɚɦɢɧɚ ɧɚ 40 %, ɩɨɥɢɮɨɫɮɚɬɚ ɚɦɦɨɧɢɹ ɧɚ 15 %, 
ɚ ɬɚɤɠɟ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɟ ɞɪɭɝɢɯ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɫɢɫɬɟɦɟ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɦɟɧɹɸɬɫɹ 
ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ ɩɨɤɪɵɬɢɹ ɢ ɜ ɤɨɧɟɱɧɨɦ ɢɬɨɝɟ ɟɝɨ ɡɚɳɢɬɧɵɟ ɫɜɨɣɫɬɜɚ. ɉɨɞɨɛɧɵɟ ɢɫ-
ɫɥɟɞɨɜɚɧɢɹ, ɧɟɫɨɦɧɟɧɧɨ, ɜɚɠɧɵ ɢ ɞɨɥɠɧɵ ɩɪɨɜɨɞɢɬɶɫɹ, ɧɨ, ɤɚɤ ɭɫɬɚɧɨɜɥɟɧɨ, ɧɟɩɨɫɪɟɞ-
ɫɬɜɟɧɧɨ ɧɚ ɭɪɨɜɟɧɶ ɨɝɧɟɡɚɳɢɬɧɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɨɤɪɵɬɢɣ ɨɧɢ ɜɥɢɹɸɬ ɧɟɡɧɚɱɢɬɟɥɶɧɨ. 

Ⱦɪɭɝɢɦɢ ɢɫɫɥɟɞɨɜɚɬɟɥɹɦɢ ɬɚɤɠɟ ɮɢɤɫɢɪɨɜɚɥɨɫɶ ɢɡɦɟɧɟɧɢɟ ɤɪɢɜɵɯ ɩɨɬɟɪɢ ɦɚɫ-
ɫɵ ɢ ɞɪɭɝɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɬɟɪɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɨɛɪɚɡɰɨɜ, ɩɨɞɜɟɪɝɲɢɯɫɹ ɫɬɚɪɟɧɢɸ, ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɧɟɫɨɫɬɚɪɟɧɧɵɦɢ. ȼ ɩɪɨɟɤɬɟ ɦɟɬɨɞɢɤɢ Д5Ж ɬɚɤɢɟ ɞɚɧɧɵɟ (ɧɚɪɹɞɭ ɫ ɢɡɦɟɧɟ-
ɧɢɟɦ ɤɪɚɬɧɨɫɬɢ ɜɫɩɭɱɢɜɚɧɢɹ) ɩɪɟɞɥɚɝɚɥɨɫɶ ɢɫɩɨɥɶɡɨɜɚɬɶ ɤɚɤ ɫɜɢɞɟɬɟɥɶɫɬɜɨ ɢɡɦɟɧɟɧɢɹ 
ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɢ ɭɱɢɬɵɜɚɬɶ ɩɪɢ ɨɰɟɧɤɟ ɢ ɨɛɨɫɧɨɜɚɧɢɢ ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɨ-
ɞɥɟɧɢɹ ɫɪɨɤɨɜ ɷɤɫɩɥɭɚɬɚɰɢɢ ȼɈɁɉ. Ɉɞɧɚɤɨ ɧɟ ɩɪɟɞɥɚɝɚɥɫɹ ɚɥɝɨɪɢɬɦ ɭɱɟɬɚ ɜɥɢɹɧɢɹ ɬɚ-
ɤɢɯ ɢɡɦɟɧɟɧɢɣ ɧɚ ɨɝɧɟɡɚɳɢɬɧɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ȼɈɁɉ ɢ ɨɝɧɟɫɬɨɣɤɨɫɬɶ ɤɨɧɫɬɪɭɤɰɢɣ. 

ɉɨ ɦɧɟɧɢɸ ɚɜɬɨɪɨɜ ɞɚɧɧɨɣ ɫɬɚɬɶɢ, ɡɧɚɱɢɦɨɫɬɶ ɜɥɢɹɧɢɹ ɢɡɦɟɧɟɧɢɹ ɬɟɯ ɢɥɢ ɢɧɵɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ ȼɈɁɉ ɧɚ ɨɝɧɟɡɚɳɢɬɧɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɞɨɥɠɧɚ ɨɰɟɧɢɜɚɬɶɫɹ ɥɢɛɨ ɷɤɫ-
ɩɟɪɢɦɟɧɬɚɥɶɧɨ (ɱɬɨ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɧɟɪɟɚɥɶɧɨ), ɥɢɛɨ ɫ ɩɨɦɨɳɶɸ ɦɚɬɟɦɚɬɢɱɟ-
ɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɧɨ ɬɨɥɶɤɨ ɩɪɢ ɧɚɥɢɱɢɢ ɧɚɞɟɠɧɨɣ ɦɟɬɨɞɢɤɢ ɢ ɤɨɦɩɶɸɬɟɪɧɨɣ  
ɩɪɨɝɪɚɦɦɵ ɪɚɫɱɟɬɨɜ. Ⱥɜɬɨɪɚɦɢ ɫ ɩɨɦɨɳɶɸ ɬɚɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 
ɩɭɛɥɢɤɚɰɢɹɯ [1, 6, 11] ɭɫɬɚɧɨɜɥɟɧɨ ɢ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɝɥɚɜɧɵɦɢ ɮɚɤɬɨɪɚɦɢ, ɜɥɢɹɸɳɢɦɢ 
ɧɚ ɨɝɧɟɡɚɳɢɬɧɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ȼɈɁɉ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɧɚ ɨɝɧɟɫɬɨɣɤɨɫɬɶ ɡɚɳɢɳɚɟ-
ɦɵɯ ɢɦɢ ɷɥɟɦɟɧɬɨɜ, ɹɜɥɹɸɬɫɹ ɩɚɪɚɦɟɬɪɵ ɜɫɩɭɱɢɜɚɧɢɹ ɢ ɫɬɚɛɢɥɶɧɨɫɬɶ ɜɫɩɭɱɟɧɧɨɝɨ 
ɫɥɨɹ ɩɪɢ ɨɝɧɟɜɨɦ ɜɨɡɞɟɣɫɬɜɢɢ. ɉɨɷɬɨɦɭ ɢɦɟɧɧɨ ɨɰɟɧɤɟ ɢɯ ɢɡɦɟɧɟɧɢɹ ɩɪɢ ɫɬɚɪɟɧɢɢ 
ɫɥɟɞɭɟɬ ɭɞɟɥɹɬɶ ɨɫɧɨɜɧɨɟ ɜɧɢɦɚɧɢɟ. Ɍɟɦ ɛɨɥɟɟ ɱɬɨ ɢ ɪɚɧɟɟ ɩɭɛɥɢɤɨɜɚɥɢɫɶ ɪɟɡɭɥɶɬɚɬɵ, 
ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɳɢɟ ɨ ɡɧɚɱɢɬɟɥɶɧɨɦ ɭɦɟɧɶɲɟɧɢɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɜɫɩɭɱɢɜɚɧɢɹ ɪɚɡɥɢɱ-
ɧɵɯ ȼɈɁɉ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɢɯ ɨɝɧɟɡɚɳɢɬɧɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ Д1β–16].  

ɉɨɧɹɬɧɨ, ɱɬɨ ɩɨɫɥɟɞɫɬɜɢɹ ɜɥɢɹɧɢɹ ɫɨ ɜɪɟɦɟɧɟɦ ɢɡɦɟɧɟɧɢɣ ɩɚɪɚɦɟɬɪɨɜ ɜɫɩɭɱɢ-
ɜɚɧɢɹ ɢ ɞɪɭɝɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɨɤɪɵɬɢɣ ɧɚ ɢɯ ɨɝɧɟɡɚɳɢɬɧɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢ ɩɪɟɞɟɥɵ 
ɨɝɧɟɫɬɨɣɤɨɫɬɢ ɤɨɧɫɬɪɭɤɰɢɣ ɦɨɝɭɬ ɨɰɟɧɢɜɚɬɶɫɹ ɜ ɯɨɞɟ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɜ ɨɝɧɟɜɵɯ ɩɟɱɚɯ 
ɩɪɢ ɡɚɞɚɧɧɵɯ ɪɟɠɢɦɚɯ ɨɝɧɟɜɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɨɛɪɚɡɰɵ. Ɂɚ ɪɭɛɟɠɨɦ ɬɚɤɚɹ ɩɪɚɤɬɢɤɚ 
ɫɭɳɟɫɬɜɭɟɬ. ȼ Ɋɨɫɫɢɢ ɩɨɤɚ ɜɨɡɦɨɠɧɨ ɬɨɥɶɤɨ ɩɪɨɜɟɞɟɧɢɟ ɢɫɩɵɬɚɧɢɣ ɧɚ ɥɚɛɨɪɚɬɨɪɧɨ-
ɫɬɟɧɞɨɜɨɦ ɨɛɨɪɭɞɨɜɚɧɢɢ. ɋɥɟɞɭɟɬ ɩɪɢɦɟɧɹɬɶ ɢɦɟɸɳɢɟɫɹ ɦɟɬɨɞɢɤɢ ɞɥɹ ɢɫɩɵɬɚɧɢɣ ɩɪɢ 
ɜɨɫɩɪɨɢɡɜɟɞɟɧɢɢ ɪɟɠɢɦɨɜ ɨɝɧɟɜɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɨɛɪɚɡɰɵ ȼɈɁɉ (ɞɨ ɢ ɩɨɫɥɟ ɍɄɂ) – 
ɧɚɩɪɢɦɟɪ, ɜ ɭɫɬɚɧɨɜɤɟ ɍ-βλ4 (ɐɂȺɆ ɢɦ. ɉ.ɂ. Ȼɚɪɚɧɨɜɚ) ɢɫɩɨɥɶɡɭɸɬ ɤɟɪɨɫɢɧɨɜɭɸ ɝɨ-
ɪɟɥɤɭ, ɚ ɜ ɂɫɩɵɬɚɬɟɥɶɧɨɦ ɰɟɧɬɪɟ ȼɂȺɆ ‒ ɝɚɡɨɜɭɸ ɦɧɨɝɨɪɨɠɤɨɜɭɸ ɝɨɪɟɥɤɭ ɞɢɚɦɟɬɪɨɦ 
1κ0 ɦɦ, ɤɨɬɨɪɚɹ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɜ ISO 2585 [9]. 

Ⱥɜɬɨɪɵ ɞɚɧɧɨɣ ɫɬɚɬɶɢ ɭɫɩɟɲɧɨ ɩɪɢɦɟɧɹɸɬ ɞɥɹ ɷɬɢɯ ɰɟɥɟɣ ɫɬɟɧɞ ɥɭɱɢɫɬɨɝɨ 
ɧɚɝɪɟɜɚ Д17Ж, ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɞɥɹ ɢɫɩɵɬɚɧɢɣ ɨɛɪɚɡɰɨɜ ɤɨɧɫɬɪɭɤɰɢɣ ɪɚɡ-
ɦɟɪɨɦ ɞɨ γ00×γ00 ɦɦ ɫ ɤɨɧɫɬɪɭɤɬɢɜɧɨɣ ɨɝɧɟɡɚɳɢɬɨɣ (ɫɯɟɦɚ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ. 1) ɢɥɢ ɫ 
ȼɈɁɉ. ɇɚɝɪɟɜɚɬɟɥɶ ɫɬɟɧɞɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɚɤɟɬ ɢɡ ɞɜɭɯ ɪɹɞɨɜ ɦɨɳɧɵɯ ɤɜɚɪɰɟɜɨ-
ɝɚɥɨɝɟɧɧɵɯ ɥɚɦɩ. Ɋɟɝɭɥɢɪɭɹ ɜɟɥɢɱɢɧɭ ɦɨɳɧɨɫɬɢ, ɩɨɞɚɜɚɟɦɨɣ ɧɚ ɝɪɟɸɳɭɸ ɩɚɧɟɥɶ, ɭɞɚ-
ɟɬɫɹ ɜɨɫɩɪɨɢɡɜɨɞɢɬɶ ɩɪɚɤɬɢɱɟɫɤɢ ɥɸɛɨɣ ɢɡ ɢɡɜɟɫɬɧɵɯ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɪɟɠɢɦɨɜ ɨɝɧɟɜɨɝɨ 
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ɜɨɡɞɟɣɫɬɜɢɹ ɢɥɢ ɩɪɨɜɨɞɢɬɶ ɢɫɩɵɬɚɧɢɹ ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ ɜɟɥɢɱɢɧɟ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ, 
ɩɚɞɚɸɳɟɝɨ ɧɚ ɨɛɪɚɡɟɰ. ɉɪɢ ɢɫɩɵɬɚɧɢɹɯ ȼɈɁɉ ɦɨɠɧɨ ɨɫɭɳɟɫɬɜɥɹɬɶ ɩɟɪɟɦɟɳɟɧɢɟ 
ɨɛɪɚɡɰɚ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɨɰɟɧɢɬɶ ɞɢɧɚɦɢɤɭ ɢɡɦɟɧɟɧɢɹ ɬɨɥɳɢɧɵ ɜɫɩɭɱɟɧɧɨɝɨ ɫɥɨɹ ɩɪɢ 
ɧɚɝɪɟɜɟ. 
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Ɋɢɫ. 1. ɋɯɟɦɚ ɫɬɟɧɞɚ ɥɭɱɢɫɬɨɝɨ ɧɚɝɪɟɜɚ: 1 – ɩɭɥɶɬ ɭɩɪɚɜɥɟɧɢɹ ɧɚɝɪɟɜɨɦ; 2 – cɬɨɥ; 3 – ɜɨɞɨ-

ɨɯɥɚɠɞɚɟɦɵɣ ɷɤɪɚɧ; 4 – ɝɚɥɨɝɟɧɧɵɟ ɥɚɦɩɵ; 5 – ɜɟɧɬɢɥɹɰɢɨɧɧɵɣ ɤɨɠɭɯ; 6 – ɩɚɧɟɥɶ ɢɡ ɬɟɪɦɨ-
ɫɬɨɣɤɨɝɨ ɢ ɧɢɡɤɨɬɟɩɥɨɩɪɨɜɨɞɧɨɝɨ ɦɚɬɟɪɢɚɥɚ; 7 – ɨɛɪɚɡɟɰ ɤɨɧɫɬɪɭɤɬɢɜɧɨɣ ɨɝɧɟɡɚɳɢɬɵ; 8 – ɡɚ-
ɳɢɳɚɟɦɚɹ ɤɨɧɫɬɪɭɤɰɢɹ; 9 – ɬɟɪɦɨɩɚɪɵ ɧɚ ɝɪɚɧɢɰɟ «ɨɝɧɟɡɚɳɢɬɚ–ɨɛɪɚɡɟɰ»; 10, 11 – ɬɟɪɦɨɩɚɪɵ 
ɧɚ ɨɛɨɝɪɟɜɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɩɨ ɬɨɥɳɢɧɟ ɨɝɧɟɡɚɳɢɬɵ; 12 – ɫɢɫɬɟɦɚ ɪɟɝɢɫɬɪɚɰɢɢ ɬɟɦɩɟɪɚɬɭ-
ɪɵ; 13 – ɭɫɬɪɨɣɫɬɜɨ ɞɥɹ ɩɟɪɟɦɟɳɟɧɢɹ ɨɛɪɚɡɰɚ 

 
ɉɨɞɨɛɧɵɟ ɢɫɩɵɬɚɧɢɹ ɡɧɚɱɢɬɟɥɶɧɨ ɞɟɲɟɜɥɟ ɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɟɟ ɢɫɩɵɬɚɧɢɣ ɜ 

ɨɝɧɟɜɵɯ ɩɟɱɚɯ. ȼ ɨɬɥɢɱɢɟ ɨɬ ɧɢɯ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɢɦɟɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɨɰɟɧɤɢ ɤɪɚɬ-
ɧɨɫɬɢ ɜɫɩɭɱɢɜɚɧɢɹ ɢ ɞɢɧɚɦɢɤɢ ɢɡɦɟɧɟɧɢɹ ɬɨɥɳɢɧɵ ɜɫɩɭɱɟɧɧɨɝɨ ɫɥɨɹ ɩɪɢ ɜɵɫɨɤɨ-
ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɜɨɡɞɟɣɫɬɜɢɢ, ɱɬɨ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜɢɡɭɚɥɶɧɨ ɢɥɢ ɫ ɩɨɦɨɳɶɸ ɭɫɬɪɨɣ-
ɫɬɜɚ ɞɥɹ ɩɟɪɟɦɟɳɟɧɢɹ ɨɛɪɚɡɰɚ. Ɍɚɤɚɹ ɢɧɮɨɪɦɚɰɢɹ ɧɟɨɛɯɨɞɢɦɚ ɞɥɹ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ 
ɜɥɢɹɧɢɹ ɫɬɚɪɟɧɢɹ ɧɚ ɨɝɧɟɡɚɳɢɬɧɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɨɤɪɵɬɢɣ. ɉɪɢ ɷɬɨɦ ɰɟɥɟɫɨɨɛɪɚɡ-
ɧɨ ɫɨɱɟɬɚɧɢɟ ɬɚɤɢɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɢ ɬɟɩɥɨɬɟɯɧɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ, ɩɪɨɜɨɞɢɦɵɯ ɩɨ 
ɧɚɞɟɠɧɵɦ ɦɟɬɨɞɢɤɚɦ.  

Ɍɟɩɥɨɬɟɯɧɢɱɟɫɤɢɟ ɪɚɫɱɟɬɵ ɩɪɢɦɟɧɹɸɬɫɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɫɨ-
ɫɬɨɹɧɢɹ, ɨɰɟɧɤɢ ɢ ɨɛɟɫɩɟɱɟɧɢɹ (ɩɨɞɬɜɟɪɠɞɟɧɢɹ) ɡɚɞɚɧɧɨɣ ɨɝɧɟɫɬɨɣɤɨɫɬɢ ɤɨɧɫɬɪɭɤɰɢɣ 
ɢ ɢɡɞɟɥɢɣ ɢɡ ɥɸɛɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ ɢɡ ɉɄɆ. ɉɪɢ ɷɬɨɦ ɨɧɢ ɦɨɝɭɬ ɫɥɭɠɢɬɶ ɷɮ-
ɮɟɤɬɢɜɧɵɦ ɢɧɫɬɪɭɦɟɧɬɨɦ ɞɥɹ ɨɩɟɪɚɬɢɜɧɨɣ ɨɰɟɧɤɢ ɜɥɢɹɧɢɹ «ɩɨɫɥɟɞɫɬɜɢɣ» ɜɵɹɜɥɟɧ-
ɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɢɡɦɟɧɟɧɢɣ ɨɫɧɨɜɧɵɯ ɫɜɨɣɫɬɜ ɩɨɤɪɵɬɢɣ ɩɪɢ ɫɬɚɪɟɧɢɢ ɧɚ ɢɯ ɨɝ-
ɧɟɡɚɳɢɬɧɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢ ɨɝɧɟɫɬɨɣɤɨɫɬɶ ɨɛɴɟɤɬɨɜ ɡɚɳɢɬɵ, ɬ. ɟ. ɹɜɥɹɬɶɫɹ ɢɧɫɬɪɭ-
ɦɟɧɬɨɦ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɞɨɥɝɨɜɟɱɧɨɫɬɢ ȼɈɁɉ. ɋɭɞɹ ɩɨ ɢɦɟɸɳɢɦɫɹ ɩɭɛɥɢɤɚɰɢɹɦ, ɜ 
ɚɜɢɚɰɢɨɧɧɨɣ ɨɬɪɚɫɥɢ ɬɟɩɥɨɬɟɯɧɢɱɟɫɤɢɟ ɪɚɫɱɟɬɵ ɧɟ ɡɚɞɟɣɫɬɜɨɜɚɧɵ ɜ ɞɨɥɠɧɨɣ ɦɟɪɟ ɩɪɢ 
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ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɢ ɨɬɪɚɛɨɬɤɟ ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɢɡɞɟɥɢɣ – ɜ ɱɚɫɬɧɨɫɬɢ, ɩɪɢ ɚɧɚɥɢɡɟ ɪɟɡɭɥɶ-
ɬɚɬɨɜ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ ɢɯ ɩɟɪɟɧɨɫɟ ɜ ɞɪɭɝɢɟ ɭɫɥɨɜɢɹ. Ɍɟɦ ɧɟ ɦɟɧɟɟ 
ɫɭɳɟɫɬɜɭɟɬ ɩɨɧɢɦɚɧɢɟ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɩɨɞɨɛɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢ ɞɚɠɟ ɩɪɟɞɩɪɢɧɢ-
ɦɚɥɢɫɶ ɩɨɩɵɬɤɢ ɫɨɡɞɚɧɢɹ ɫɨɛɫɬɜɟɧɧɨɝɨ ɜɚɪɢɚɧɬɚ ɦɟɬɨɞɢɤɢ ɪɚɫɱɟɬɨɜ Дλ, 18].  

Ⱥɧɚɥɢɡ ɩɨɤɚɡɚɥ Д1Ж, ɱɬɨ ɧɚɢɛɨɥɟɟ ɫɨɜɟɪɲɟɧɧɨɣ ɞɥɹ ɤɨɧɫɬɪɭɤɰɢɣ ɫ ȼɈɁɉ (ɜ ɬɨɦ 
ɱɢɫɥɟ ɢɡ ɉɄɆ) ɹɜɥɹɟɬɫɹ ɦɟɬɨɞɢɤɚ ɢ ɤɨɦɩɶɸɬɟɪɧɚɹ ɩɪɨɝɪɚɦɦɚ «Ɉɝɧɟɡɚɳɢɬɚ. ȼɟɪɫɢɹ 
βȼɍ». Ɉɞɧɚɤɨ ɧɨɪɦɚɬɢɜɧɨɝɨ ɫɬɚɬɭɫɚ ɨɧɚ ɧɟ ɢɦɟɟɬ (ɧɟ ɫɬɚɧɞɚɪɬɢɡɨɜɚɧɚ), ɧɨ ɞɨ ɧɚɫɬɨɹ-
ɳɟɝɨ ɜɪɟɦɟɧɢ ɨɬɫɭɬɫɬɜɭɸɬ ɩɨɞɨɛɧɵɟ ɭɞɚɱɧɵɟ ɦɟɬɨɞɢɤɢ. ɂɫɯɨɞɧɚɹ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨ-
ɞɟɥɶ, ɨɫɨɛɟɧɧɨɫɬɢ ɟɟ ɱɢɫɥɟɧɧɨɣ ɪɟɚɥɢɡɚɰɢɢ ɢ ɪɚɡɪɚɛɨɬɤɢ ɤɨɦɩɶɸɬɟɪɧɨɣ ɩɪɨɝɪɚɦɦɵ, 
ɪɟɡɭɥɶɬɚɬɵ ɜɟɪɢɮɢɤɚɰɢɢ, ɩɚɪɚɦɟɬɪɢɱɟɫɤɢɯ ɢ ɩɪɨɟɤɬɧɵɯ ɪɚɫɱɟɬɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɦɧɨ-
ɝɨɱɢɫɥɟɧɧɵɯ ɩɭɛɥɢɤɚɰɢɹɯ ɢ ɩɪɨɟɤɬɚɯ ɨɝɧɟɡɚɳɢɬɵ ɢɡɞɟɥɢɣ ɢ ɤɨɧɫɬɪɭɤɰɢɣ ɪɚɡɥɢɱɧɨɝɨ 
ɧɚɡɧɚɱɟɧɢɹ. ȼɫɟ ɷɬɨ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɤɚɤ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ, ɬɚɤ ɢ ɞɥɹ ɩɨɫɥɟɞɭɸ-
ɳɟɣ ɪɚɡɪɚɛɨɬɤɢ ɫɨɛɫɬɜɟɧɧɵɯ ɪɚɫɱɟɬɧɵɯ ɩɪɨɝɪɚɦɦ. ȼ ɪɚɛɨɬɟ Д1Ж ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɵ 
ɜɨɡɦɨɠɧɨɫɬɢ ɢ ɩɟɪɫɩɟɤɬɢɜɵ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɷɬɨɣ ɦɟɬɨɞɢɤɢ, ɩɨɡɜɨɥɹɸɳɟɣ ɪɚɫɫɱɢɬɵɜɚɬɶ 
ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɩɨɥɹ ɢ ɨɩɪɟɞɟɥɹɬɶ ɬɨɥɳɢɧɭ ȼɈɁɉ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɨɛɴɟɤɬɨɜ ɡɚɳɢɬɵ, ɜ 
ɬɨɦ ɱɢɫɥɟ ɞɥɹ ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɢɡɞɟɥɢɣ ɢɡ ɉɄɆ. Ⱦɨɫɬɨɢɧɫɬɜɨɦ ɦɟɬɨɞɢɤɢ ɹɜɥɹɟɬɫɹ ɜɨɡ-
ɦɨɠɧɨɫɬɶ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɢ ɪɚɡɥɢɱɧɨɦ ɭɪɨɜɧɟ ɢ ɯɚɪɚɤɬɟɪɟ ɢɡɦɟɧɟɧɢɹ ɬɨɥɳɢɧɵ ɜɫɩɭ-
ɱɟɧɧɨɝɨ ɫɥɨɹ, ɚ ɬɚɤɠɟ ɩɪɢ ɡɚɞɚɧɢɢ ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɨɜ ɨɝɧɟɜɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ.  

 
Ɋɟɡɭɥɶɬɚɬɵ ɢ ɨɛɫɭɠɞɟɧɢɟ 

ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɜ ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɩɨɞɨɛɧɵɯ ɪɚɫɱɟ-
ɬɨɜ ɩɨ ɨɛɨɡɧɚɱɟɧɧɨɣ ɦɟɬɨɞɢɤɟ, ɤɨɬɨɪɵɟ ɩɪɨɜɨɞɢɥɢɫɶ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɚɯ ɜɨɡɞɟɣ-
ɫɬɜɢɹ ɧɚ ɷɥɟɦɟɧɬɵ ɫɨ ɜɫɩɭɱɢɜɚɸɳɢɦɫɹ ɩɨɤɪɵɬɢɟɦ ɬɢɩɚ Ɏɟɧɢɤɫ ɋɌɋ ɢ ɉɊɈɌȿɊɆ 
ɋɌɂɅ. ɉɪɨɜɟɞɟɧ ɞɨɫɬɚɬɨɱɧɵɣ ɨɛɴɟɦ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚ-
ɧɢɣ ɷɬɢɯ ɩɨɤɪɵɬɢɣ ɢ ɢɦɟɟɬɫɹ ɧɟɨɛɯɨɞɢɦɵɣ ɩɟɪɟɱɟɧɶ ɢɫɯɨɞɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɞɥɹ ɪɚɫ-
ɱɟɬɨɜ Д1, 11, 1λ, β0Ж.  

ɉɪɨɜɟɞɟɧɨ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɨɝɪɟɜɚ ɫɬɚɥɶɧɨɣ ɩɥɚɫɬɢɧɵ ɫ ɩɨɤɪɵɬɢɟɦ ɭɤɚɡɚɧɧɨɝɨ 
ɬɢɩɚ ɩɪɢ ɨɝɧɟɜɨɦ ɜɨɡɞɟɣɫɬɜɢɢ ɩɨ ɫɬɚɧɞɚɪɬɧɨɦɭ ɪɟɠɢɦɭ. ȼ ɢɫɩɨɥɶɡɭɟɦɨɣ ɦɟɬɨɞɢɤɟ 
ɢɦɟɟɬɫɹ ɱɟɬɵɪɟ ɩɚɪɚɦɟɬɪɚ, ɨɬ ɤɨɬɨɪɵɯ ɜ ɨɫɧɨɜɧɨɦ ɡɚɜɢɫɢɬ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ȼɈɁɉ ɢ ɤɨ-
ɬɨɪɵɟ ɨɤɚɡɵɜɚɸɬ ɡɧɚɱɢɦɨɟ ɜɥɢɹɧɢɟ ɧɚ ɨɫɧɨɜɧɵɟ ɩɪɨɰɟɫɫɵ, ɩɪɨɢɫɯɨɞɹɳɢɟ ɜ ɦɚɬɟɪɢɚɥɚɯ 
ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɬɢɩɚ Д11, β0Ж. ɗɬɨ ɫɥɟɞɭɸɳɢɟ ɩɚɪɚɦɟɬɪɵ: ɤɪɚɬɧɨɫɬɶ ɜɫɩɭɱɢɜɚɧɢɹ KV; 
ɩɚɪɚɦɟɬɪ Θ, ɢɫɩɨɥɶɡɭɟɦɵɣ ɜ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɷɮɮɟɤɬɢɜɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɩɟɧɨɤɨɤɫɚ; ɩɚɪɚɦɟɬɪ ȥ, ɪɟɝɥɚɦɟɧɬɢɪɭɸɳɢɣ ɭɦɟɧɶɲɟɧɢɟ ɬɨɥɳɢɧɵ 
ɩɟɧɨɤɨɤɫɚ ɡɚ ɫɱɟɬ ɟɝɨ ɜɵɝɨɪɚɧɢɹ, ɭɫɚɞɤɢ ɢ ɪɚɡɪɭɲɟɧɢɹ, ɚ ɬɚɤɠɟ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɱɚɥɚ 
ɜɫɩɭɱɢɜɚɧɢɹ Ɍɧɩ. Ⱦɜɚ ɢɡ ɧɢɯ (Θ ɢ ȥ) ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɜ ɤɚɱɟɫɬɜɟ ɩɚɪɚɦɟɬɪɨɜ ɫɨɝɥɚ-
ɫɨɜɚɧɢɹ «ɷɤɫɩɟɪɢɦɟɧɬ–ɪɚɫɱɟɬ».  

Ɋɚɫɱɟɬɵ ɩɪɨɜɨɞɢɥɢ ɩɪɢ ɡɧɚɱɟɧɢɹɯ KV = 40 ɢ Ɍɧɩ = 230 °ɋ, ɯɚɪɚɤɬɟɪɧɵɯ ɞɥɹ ɩɨ-
ɤɪɵɬɢɣ Ɏɟɧɢɤɫ ɋɌɋ ɢ ɉɊɈɌȿɊɆ ɋɌɂɅ. ɉɚɪɚɦɟɬɪɵ ɫɨɝɥɚɫɨɜɚɧɢɹ Θ ɢ ȥ ɨɩɪɟɞɟɥɢɥɢ 
ɩɪɢ ɪɟɲɟɧɢɢ ɧɟɤɨɟɝɨ ɩɨɞɨɛɢɹ ɨɛɪɚɬɧɨɣ ɡɚɞɚɱɢ ɬɟɩɥɨɜɨɞɧɨɫɬɢ ɩɪɢ ɫɨɩɨɫɬɚɜɥɟɧɢɢ ɪɟ-
ɡɭɥɶɬɚɬɨɜ ɪɚɫɱɟɬɚ ɢɡɦɟɧɟɧɢɹ ɜɨ ɜɪɟɦɟɧɢ ɬɟɦɩɟɪɚɬɭɪɵ ɤɨɧɫɬɪɭɤɰɢɢ ɫ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶ-
ɧɵɦɢ ɤɪɢɜɵɦɢ, ɡɚɮɢɤɫɢɪɨɜɚɧɧɵɦɢ ɩɪɢ ɤɨɧɤɪɟɬɧɵɯ ɨɝɧɟɜɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɢɥɢ ɢɫɩɵ-
ɬɚɧɢɹɯ ɨɛɪɚɡɰɨɜ ɧɚ ɥɚɛɨɪɚɬɨɪɧɨɦ ɫɬɟɧɞɟ. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɞɥɹ ɚɧɚɥɢɡɚ ɢɫɩɨɥɶɡɨɜɚɧɵ 
ɪɟɡɭɥɶɬɚɬɵ, ɨɩɭɛɥɢɤɨɜɚɧɧɵɟ ɜ ɪɚɛɨɬɟ Дβ1Ж, ɨɞɧɨɝɨ ɢɫɩɵɬɚɧɢɹ ɜ ɨɝɧɟɜɨɣ ɩɟɱɢ ɩɪɢ ɫɬɚɧ-
ɞɚɪɬɧɨɦ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɪɟɠɢɦɟ ɫɬɚɥɶɧɨɝɨ ɞɜɭɬɚɜɪɨɜɨɝɨ ɩɪɨɮɢɥɹ. ɉɪɢɜɟɞɟɧɧɚɹ ɬɨɥ-
ɳɢɧɚ ɦɟɬɚɥɥɚ, ɨɩɪɟɞɟɥɹɟɦɚɹ ɞɟɥɟɧɢɟɦ ɩɥɨɳɚɞɢ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɩɪɨɮɢɥɹ ɧɚ ɨɛɨ-
ɝɪɟɜɚɟɦɵɣ ɩɟɪɢɦɟɬɪ, ɫɨɫɬɚɜɥɹɥɚ 4,37 ɦɦ, ɬɨɥɳɢɧɚ ɩɨɤɪɵɬɢɹ ɬɢɩɚ Ɏɟɧɢɤɫ ɋɌɋ: 
1,69 ɦɦ. Ɉɬɦɟɱɟɧɨ, ɱɬɨ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɬɚɤɨɝɨ ȼɈɁɉ ɞɨɫɬɚɬɨɱɧɚ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɩɪɟ-
ɞɟɥɚ ɨɝɧɟɫɬɨɣɤɨɫɬɢ 60 ɦɢɧ (ɩɨ ɜɪɟɦɟɧɢ ɞɨɫɬɢɠɟɧɢɹ ɞɚɧɧɨɣ ɦɟɬɚɥɥɨɤɨɧɫɬɪɭɤɰɢɟɣ ɯɚ-
ɪɚɤɬɟɪɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ 500 °ɋ). ɉɪɢ ɫɨɩɨɫɬɚɜɥɟɧɢɢ «ɪɚɫɱɟɬ–ɷɤɫɩɟɪɢɦɟɧɬ» ɨɩɪɟɞɟɥɟɧɵ 
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ɩɚɪɚɦɟɬɪɵ ɫɨɝɥɚɫɨɜɚɧɢɹ: Θ = λ,5·10–11 ɢ ȥ = 0,1β. Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ 
ɪɢɫ. β. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɪɢ ɜɚɪɶɢɪɨɜɚɧɢɢ ɜɫɟɦɢ ɭɤɚɡɚɧɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɦɨɠɧɨ 
ɨɛɟɫɩɟɱɢɬɶ ɦɚɤɫɢɦɚɥɶɧɨ ɛɥɢɡɤɨɟ ɩɪɢɛɥɢɠɟɧɢɟ ɤɪɢɜɵɯ «ɪɚɫɱɟɬ–ɷɤɫɩɟɪɢɦɟɧɬ», ɱɬɨ ɡɚ-
ɬɪɭɞɧɢɬɟɥɶɧɨ ɢɥɢ ɞɚɠɟ ɧɟɞɨɫɬɢɠɢɦɨ ɩɪɢ ɞɪɭɝɢɯ ɩɨɞɯɨɞɚɯ. ɇɚ ɪɢɫ. β ɩɪɟɞɫɬɚɜɥɟɧɵ 
ɬɚɤɠɟ ɪɚɫɱɟɬɧɵɟ ɤɪɢɜɵɟ ɞɥɹ ɝɪɚɧɢɱɧɵɯ ɡɧɚɱɟɧɢɣ ɬɟɦɩɟɪɚɬɭɪɵ ɝɚɡɨɜɨɣ ɫɪɟɞɵ, ɩɪɟɞɭ-
ɫɦɨɬɪɟɧɧɵɯ ɞɥɹ ɫɬɚɧɞɚɪɬɧɨɝɨ ɪɟɠɢɦɚ. 
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ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɜɨɡɞɟɣɫɬɜɢɹ, ɦɢɧ
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Ɋɢɫ. β. Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɜɨɡɞɟɣɫɬɜɢɹ ɝɚɡɨɜɨɣ ɫɪɟɞɵ ɩɪɢ 

ɫɬɚɧɞɚɪɬɧɨɦ ɪɟɠɢɦɟ (1) ɢ ɞɥɹ ɫɬɚɥɶɧɨɝɨ ɩɪɨɮɢɥɹ (2); - - - - ɝɪɚɧɢɱɧɵɟ ɡɧɚɱɟɧɢɹ ɞɥɹ ɦɚɤɫɢ-
ɦɚɥɶɧɨɝɨ (1', 2') ɢ ɦɢɧɢɦɚɥɶɧɨɝɨ (1'', 2'') ɪɟɠɢɦɚ ɜɨɡɞɟɣɫɬɜɢɹ ɢɡ ɞɨɩɭɫɬɢɦɨɝɨ ɞɢɚɩɚɡɨɧɚ; 
−●−●−●− ɢɫɩɵɬɚɧɢɹ ɜ ɨɝɧɟɜɨɣ ɩɟɱɢ 

 
ȼɨɡɦɨɠɧɨɫɬɶ ɭɱɟɬɚ ɜɥɢɹɧɢɹ ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɨɜ ɨɝɧɟɜɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɩɪɨ-

ɝɪɟɜ ɤɨɧɫɬɪɭɤɰɢɣ ɞɟɦɨɧɫɬɪɢɪɭɟɬɫɹ ɬɚɤɠɟ ɧɚ ɪɢɫ. γ. Ɋɚɫɫɦɚɬɪɢɜɚɥɢɫɶ ɱɟɬɵɪɟ ɪɟɠɢɦɚ 
ɜɨɡɞɟɣɫɬɜɢɹ ɝɚɡɨɜɨɣ ɫɪɟɞɵ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ κ00, λ00, 1000 ɢ 1100 °ɋ ɜ ɬɟɱɟɧɢɟ 15 ɦɢɧ ɫ 
ɩɨɫɥɟɞɭɸɳɢɦ ɫɧɢɠɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨ ɥɢɧɟɣɧɨɦɭ ɡɚɤɨɧɭ ɞɨ 100 °ɋ ɜ ɬɟɱɟɧɢɟ 
45 ɦɢɧ. Ɋɟɠɢɦ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1100 °ɋ ɜ ɬɟɱɟɧɢɟ 15 ɦɢɧ ɜɨɫɩɪɨɢɡɜɨɞɢɬɫɹ ɜ ɚɜɢɚɰɢɨɧ-
ɧɨɣ ɨɬɪɚɫɥɢ ɩɪɢ ɨɰɟɧɤɟ ɨɝɧɟɧɟɩɪɨɧɢɰɚɟɦɨɫɬɢ ɚɜɢɚɰɢɨɧɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ, ɫɢɫɬɟɦ ɢ ɚɝ-
ɪɟɝɚɬɨɜ. Ȼɨɥɟɟ ɧɢɡɤɢɣ ɭɪɨɜɟɧɶ ɬɟɦɩɟɪɚɬɭɪ ɡɚɞɚɟɬɫɹ ɞɥɹ ɧɟɤɨɬɨɪɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɢɡɞɟ-
ɥɢɣ ɝɪɚɠɞɚɧɫɤɨɣ ɢ ɜɨɟɧɧɨɣ ɬɟɯɧɢɤɢ – ɧɚɩɪɢɦɟɪ, ɞɥɹ ɤɨɪɚɛɥɟɣ ȼɨɟɧɧɨ-ɦɨɪɫɤɨɝɨ ɮɥɨɬɚ. 
ɇɟɦɨɧɨɬɨɧɧɵɣ ɯɚɪɚɤɬɟɪ ɢɡɦɟɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɝɚɡɨɜɨɣ ɫɪɟɞɵ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɞɥɹ 
ɪɹɞɚ ɫɰɟɧɚɪɢɟɜ ɪɚɡɜɢɬɢɹ ɩɨɠɚɪɚ, ɱɬɨ ɩɪɟɞɩɨɥɚɝɚɟɬ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɨɝɪɟɜɚ ɨɝɧɟɡɚɳɢ-
ɬɵ ɢ ɡɚɳɢɳɚɟɦɵɯ ɷɥɟɦɟɧɬɨɜ ɜ ɩɟɪɢɨɞ ɟɟ ɫɧɢɠɟɧɢɹ, ɬ. ɟ. ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɟɩɥɚ ɜ 
ɤɨɧɫɬɪɭɤɰɢɢ ɩɨɫɥɟ ɨɤɨɧɱɚɧɢɹ ɢɧɬɟɧɫɢɜɧɨɝɨ ɬɟɩɥɨɜɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ. ɉɨɞɨɛɧɵɟ ɪɚɫɱɟɬɵ 
ɬɚɤɠɟ ɦɨɝɭɬ ɩɨɤɚɡɚɬɶ, ɧɚɫɤɨɥɶɤɨ  ɜɥɢɹɟɬ ɭɪɨɜɟɧɶ ɬɟɦɩɟɪɚɬɭɪɵ ɝɚɡɨɜɨɣ ɫɪɟɞɵ ɧɚ ɷɮɮɟɤ-
ɬɢɜɧɨɫɬɶ ȼɈɁɉ ɢ ɩɪɨɝɪɟɜ ɤɨɧɫɬɪɭɤɰɢɢ. ɉɪɢ ɷɬɨɦ ɭɱɢɬɵɜɚɟɬɫɹ, ɱɬɨ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ 
ɬɟɦɩɟɪɚɬɭɪɵ ɝɚɡɨɜɨɣ ɫɪɟɞɵ ɩɪɨɢɫɯɨɞɢɬ ɛɨɥɟɟ ɢɧɬɟɧɫɢɜɧɨɟ ɫɧɢɠɟɧɢɟ ɬɨɥɳɢɧɵ ɜɫɩɭ-
ɱɟɧɧɨɝɨ ɫɥɨɹ, ɱɬɨ ɫɜɹɡɚɧɨ, ɜ ɱɚɫɬɧɨɫɬɢ, ɫ ɨɤɢɫɥɟɧɢɟɦ (ɫɝɨɪɚɧɢɟɦ) ɜɯɨɞɹɳɟɝɨ ɜ ɟɝɨ ɫɨ-
ɫɬɚɜ ɭɝɥɟɪɨɞɚ. ȼ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ ɷɬɨ ɦɨɠɟɬ ɫɜɢɞɟɬɟɥɶɫɬɜɨɜɚɬɶ ɨ ɧɟɰɟɥɟɫɨɨɛɪɚɡɧɨ-
ɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ȼɈɁɉ ɩɪɢ ɧɚɢɛɨɥɟɟ «ɠɟɫɬɤɢɯ» ɪɟɠɢɦɚɯ ɨɝɧɟɜɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ. 
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Ɋɢɫ. γ. Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɞɥɹ ɝɚɡɨɜɨɣ ɫɪɟɞɵ (1–4) ɢ ɫɬɚɥɶɧɨɝɨ ɩɪɨɮɢɥɹ ɫ ɩɪɢɜɟ-
ɞɟɧɧɨɣ ɬɨɥɳɢɧɨɣ 5 ɦɦ (1'–4') ɫ ɩɨɤɪɵɬɢɟɦ ɬɢɩɚ Ɏɟɧɢɤɫ ɋɌɋ ɬɨɥɳɢɧɨɣ 1 ɦɦ ɨɬ ɩɪɨɞɨɥɠɢɬɟɥɶ-
ɧɨɫɬɢ ɨɝɧɟɜɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ 

 
ɋɬɨɥɶ ɷɮɮɟɤɬɢɜɧɵɣ ɢɧɫɬɪɭɦɟɧɬ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ 

ɞɥɹ ɨɰɟɧɤɢ ɜɥɢɹɧɢɹ ɢɡɦɟɧɟɧɢɹ ɨɫɧɨɜɧɵɯ ɫɜɨɣɫɬɜ ɜɫɩɭɱɢɜɚɸɳɢɯɫɹ ɩɨɤɪɵɬɢɣ ɧɚ ɩɪɨ-
ɝɪɟɜ ɡɚɳɢɳɚɟɦɵɯ ɢɦɢ ɤɨɧɫɬɪɭɤɰɢɣ, ɬ. ɟ. ɧɚ ɢɯ ɨɝɧɟɡɚɳɢɬɧɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ. ɉɨ ɭɤɚ-
ɡɚɧɧɨɣ ɦɟɬɨɞɢɤɟ ɩɪɨɜɟɞɟɧɚ ɫɟɪɢɹ ɪɚɫɱɟɬɨɜ ɞɥɹ ɬɢɩɢɱɧɨɝɨ ɩɨɤɪɵɬɢɹ ɧɚ ɛɚɡɟ ɉɎȺ-
ɦɟɥɚɦɢɧɚ-ɩɟɧɬɚɷɪɢɬɪɢɬɚ (ɬɢɩɚ Ɏɟɧɢɤɫ ɋɌɋ), ɚ ɬɚɤɠɟ ɞɥɹ ɩɨɤɪɵɬɢɹ ɬɢɩɚ ɋȽɄ-β ɧɚ ɨɫ-
ɧɨɜɟ ɏɋɉ ɢ ɌɊȽ ɩɪɢ ɜɨɫɩɪɨɢɡɜɟɞɟɧɢɢ ɨɝɧɟɜɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɩɨ ɫɬɚɧɞɚɪɬɧɨɦɭ ɬɟɦɩɟɪɚ-
ɬɭɪɧɨɦɭ ɪɟɠɢɦɭ. ȼ ɤɚɱɟɫɬɜɟ ɡɚɳɢɳɚɟɦɨɝɨ ɷɥɟɦɟɧɬɚ ɪɚɫɫɦɚɬɪɢɜɚɥɢ ɫɬɚɥɶɧɭɸ ɩɥɚɫɬɢɧɭ 
ɬɨɥɳɢɧɨɣ 4 ɦɦ ɫɨ ɫɥɨɟɦ ɬɟɩɥɨɢɡɨɥɹɰɢɢ ɢɡ ɦɢɧɟɪɚɥɨɜɚɬɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɬɨɥɳɢɧɨɣ 
50 ɦɦ ɫ ɧɟɨɛɨɝɪɟɜɚɟɦɨɣ ɫɬɨɪɨɧɵ. Ɋɚɫɱɟɬɵ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɩɪɚɤɬɢɱɟɫɤɢ ɨɬɫɭɬɫɬɜɭɟɬ ɜɥɢ-
ɹɧɢɟ ɧɚ ɩɪɨɝɪɟɜ ɤɨɧɫɬɪɭɤɰɢɢ ɢɡɦɟɧɟɧɢɹ ɭɤɚɡɚɧɧɵɯ ɜ ɪɚɛɨɬɚɯ Д10, 16Ж ɩɨɤɚɡɚɬɟɥɟɣ –  
ɜ ɱɚɫɬɧɨɫɬɢ, ɞɚɧɧɵɯ ɩɨ ɩɨɬɟɪɟ ɦɚɫɫɵ ɩɪɢ ɧɚɝɪɟɜɟ, ɚ ɬɚɤɠɟ ɬɟɩɥɨɜɨɝɨ ɷɮɮɟɤɬɚ ɬɟɪɦɢɱɟ-
ɫɤɨɣ ɞɟɫɬɪɭɤɰɢɢ. Ɋɚɧɟɟ ɩɨɞɨɛɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɨɬɦɟɱɚɥɢɫɶ ɜ ɪɚɛɨɬɚɯ Д1, 11Ж. ȼ ɬɨ ɠɟ 
ɜɪɟɦɹ ɩɨɞɬɜɟɪɠɞɟɧɨ ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɩɪɨɝɪɟɜ ɡɚɳɢɳɚɟɦɵɯ ɷɥɟɦɟɧɬɨɜ ɬɚɤɢɯ 
ɩɨɤɚɡɚɬɟɥɟɣ, ɤɚɤ ɤɪɚɬɧɨɫɬɶ ɢ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɱɚɥɚ ɜɫɩɭɱɢɜɚɧɢɹ, ɞɢɧɚɦɢɤɚ ɢɡɦɟɧɟɧɢɹ 
ɬɨɥɳɢɧɵ ɜɫɩɭɱɟɧɧɨɝɨ ɫɥɨɹ, ɬ. ɟ. ɟɝɨ ɭɜɟɥɢɱɟɧɢɹ ɢ ɩɨɫɥɟɞɭɸɳɟɝɨ ɭɦɟɧɶɲɟɧɢɹ ɡɚ ɫɱɟɬ 
ɜɵɝɨɪɚɧɢɹ ɢ ɭɫɚɞɤɢ ɩɟɧɨɤɨɤɫɚ.  

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɩɪɢ ɬɨɥɳɢɧɟ ɩɨɤɪɵɬɢɹ Ɏɟɧɢɤɫ ɋɌɋ 1,β5 ɦɦ ɢ ɤɨɷɮɮɢɰɢɟɧɬɟ 
ɜɫɩɭɱɢɜɚɧɢɹ, ɪɚɜɧɨɦ 44, ɡɚ ɜɪɟɦɹ ɨɝɧɟɜɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ 60 ɦɢɧ ɬɟɦɩɟɪɚɬɭɪɚ ɫɬɚɥɶɧɨɣ 
ɩɥɚɫɬɢɧɵ ɩɨɜɵɲɚɟɬɫɹ ɞɨ з500 °ɋ (ɤɪɢɜɚɹ 4 ɧɚ ɪɢɫ. 4). Ɇɨɞɟɥɢɪɨɜɚɥɢɫɶ ɩɨɫɥɟɞɫɬɜɢɹ 
ɭɦɟɧɶɲɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɜɫɩɭɱɢɜɚɧɢɹ ɜ β ɪɚɡɚ, ɱɬɨ ɡɚɮɢɤɫɢɪɨɜɚɧɨ ɜ ɪɚɛɨɬɟ Д10Ж, ɚ 
ɬɚɤɠɟ ɧɚ 50 % (ɤɪɢɜɵɟ 2 ɢ 3 ɧɚ ɪɢɫ. 4). ɉɪɨɝɧɨɡɢɪɭɟɬɫɹ ɭɦɟɧɶɲɟɧɢɟ ɧɚ ~30 % ɜɪɟɦɟɧɢ 
ɞɨɫɬɢɠɟɧɢɹ ɡɚɳɢɳɚɟɦɨɣ ɤɨɧɫɬɪɭɤɰɢɟɣ ɬɟɦɩɟɪɚɬɭɪɵ 500 °ɋ. ɉɪɢɱɟɦ ɬɚɤɨɟ ɫɧɢɠɟɧɢɟ 
ɨɝɧɟɡɚɳɢɬɧɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ, ɚ ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢ ɨɝɧɟɫɬɨɣɤɨɫɬɢ ɤɨɧɫɬɪɭɤɰɢɢ ɜɨɡɦɨɠ-
ɧɨ ɭɠɟ ɩɪɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɛɨɥɶɲɨɦ ɫɪɨɤɟ ɫɬɚɪɟɧɢɹ ɨɛɪɚɡɰɨɜ, ɭɤɚɡɚɧɧɨɦ ɜ ɪɚɛɨɬɟ [10]. 
ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɜɩɨɥɧɟ ɪɟɚɥɶɧɨ ɝɨɪɚɡɞɨ ɛɨɥɶɲɟɟ ɫɧɢɠɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɨɤɪɵɬɢɣ 
ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɭɪɨɜɧɟɦ ɜ β0 %, ɤɨɬɨɪɵɣ ɢɧɨɝɞɚ ɝɨɥɨɫɥɨɜɧɨ ɞɟɤɥɚ-
ɪɢɪɭɟɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɩɪɢɟɦɥɟɦɨɝɨ ɭɪɨɜɧɹ (ɫɦ. ɪɚɛɨɬɭ [5]).  
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Ɋɢɫ. 4. Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɪɨ-
ɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɜɨɡɞɟɣɫɬɜɢɹ ɝɚɡɨɜɨɣ ɫɪɟɞɵ 
(1) ɢ ɞɥɹ ɫɬɚɥɶɧɨɣ ɩɥɚɫɬɢɧɵ ɫ ȼɈɁɉ ɬɢɩɚ Ɏɟ-
ɧɢɤɫ ɋɌɋ ɩɪɢ ɫɧɢɠɟɧɢɢ ɤɪɚɬɧɨɫɬɢ ɟɝɨ ɜɫɩɭ-
ɱɢɜɚɧɢɹ ɧɚ 100 (2) Д10Ж ɢ 50 % (3) ɢ ɛɟɡ ɬɚɤɨɝɨ 
ɫɧɢɠɟɧɢɢ (4) 

Ɋɢɫ. 5. Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɜɨɡɞɟɣɫɬɜɢɹ ɞɥɹ ɫɬɚɥɶ-
ɧɨɣ ɩɥɚɫɬɢɧɵ ɫ ȼɈɁɉ ɬɢɩɚ ɋȽɄ-2 ɩɪɢ ɫɧɢ-
ɠɟɧɢɢ ɤɪɚɬɧɨɫɬɢ ɟɝɨ ɜɫɩɭɱɢɜɚɧɢɹ ɧɚ 50 (1)  
ɢ β5 % (2) Д16Ж ɢ ɛɟɡ ɬɚɤɨɝɨ ɫɧɢɠɟɧɢɢ (3) 

 
 
Ɋɚɫɱɟɬɵ ɩɪɨɜɟɞɟɧɵ ɢ ɞɥɹ ɩɨɤɪɵɬɢɹ ɬɢɩɚ ɋȽɄ-β, ɤɨɬɨɪɨɟ ɩɨ ɫɜɨɟɣ ɩɪɢɪɨɞɟ ɨɬɧɨ-

ɫɢɬɫɹ ɤ ɱɢɫɥɭ ɦɚɬɟɪɢɚɥɨɜ ɫ ɧɚɢɛɨɥɶɲɟɣ ɫɬɨɣɤɨɫɬɶɸ ɤ ɜɨɡɞɟɣɫɬɜɢɸ ɜɧɟɲɧɢɯ ɮɚɤɬɨɪɨɜ 
(ɪɢɫ. 5). Ⱦɥɹ ɩɨɤɪɵɬɢɹ ɋȽɄ-β ɮɢɤɫɢɪɨɜɚɥɨɫɶ ɫɭɳɟɫɬɜɟɧɧɨ ɦɟɧɶɲɟɟ ɜɥɢɹɧɢɟ ɩɟɪɢɨɞɚ ɢ 
ɭɫɥɨɜɢɣ ɷɤɫɩɥɭɚɬɚɰɢɢ ɧɚ ɫɧɢɠɟɧɢɟ ɤɪɚɬɧɨɫɬɢ ɜɫɩɭɱɢɜɚɧɢɹ ɢ ɨɝɧɟɡɚɳɢɬɧɨɣ ɷɮɮɟɤɬɢɜ-
ɧɨɫɬɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɛɨɥɶɲɢɧɫɬɜɨɦ ɩɪɢɦɟɧɹɟɦɵɯ ɩɨɤɪɵɬɢɣ. ɉɪɢɧɢɦɚɥɚɫɶ ɬɨɥɳɢɧɚ 
ɩɨɤɪɵɬɢɹ, ɪɚɜɧɚɹ β,1 ɦɦ, ɢ ɤɨɷɮɮɢɰɢɟɧɬ ɜɫɩɭɱɢɜɚɧɢɹ, ɪɚɜɧɵɣ β5. Ɉɰɟɧɢɜɚɥɢɫɶ ɩɨ-
ɫɥɟɞɫɬɜɢɹ ɟɝɨ ɭɦɟɧɶɲɟɧɢɹ ɧɚ 25 % ɡɚ β5 ɥɟɬ Д16Ж, ɚ ɬɚɤɠɟ ɧɚ 50 %. Ɇɨɠɧɨ ɩɪɟɞɩɨɥɨ-
ɠɢɬɶ, ɱɬɨ ɩɪɢɪɨɞɚ ɫɨɫɬɚɜɨɜ ɧɚ ɨɫɧɨɜɟ ɏɋɉ ɢ ɌɊȽ ɜ ɦɟɧɶɲɟɣ ɫɬɟɩɟɧɢ ɩɨɞɜɟɪɠɟɧɚ ɜɥɢ-
ɹɧɢɸ ɫɬɚɪɟɧɢɹ ɧɚ ɢɡɦɟɧɟɧɢɟ ɢɯ ɨɫɧɨɜɧɵɯ ɫɜɨɣɫɬɜ. 

Ɋɟɡɭɥɶɬɚɬɵ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɧɚ ɪɢɫ. 4 ɢ 5, ɞɟɦɨɧɫɬɪɢɪɭɸɬ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢɫ-
ɩɨɥɶɡɨɜɚɧɧɨɝɨ ɢɧɫɬɪɭɦɟɧɬɚ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɞɥɹ ɤɨɥɢɱɟɫɬɜɟɧɧɨɣ ɨɰɟɧɤɢ ɩɨɫɥɟɞɫɬɜɢɣ 
ɜɥɢɹɧɢɹ ɢɡɦɟɧɟɧɢɹ ɫɜɨɣɫɬɜ ɪɚɡɥɢɱɧɵɯ ȼɈɁɉ ɧɚ ɢɯ ɨɝɧɟɡɚɳɢɬɧɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢ ɨɝ-
ɧɟɫɬɨɣɤɨɫɬɶ ɤɨɧɫɬɪɭɤɰɢɣ. ɗɬɨ ɦɨɠɟɬ ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ ɩɪɢɧɹɬɢɸ ɛɨɥɟɟ ɨɛɨɫɧɨɜɚɧɧɵɯ 
ɬɟɯɧɢɱɟɫɤɢɯ ɢ ɨɪɝɚɧɢɡɚɰɢɨɧɧɵɯ ɪɟɲɟɧɢɣ ɩɨ ɨɝɧɟɡɚɳɢɬɟ.  

 
Ɂɚɤɥɸɱɟɧɢɹ 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɚɫɫɦɨɬɪɟɧ ɤɨɦɩɥɟɤɫ ɜɨɩɪɨɫɨɜ, ɫɜɹɡɚɧɧɵɯ ɫ ɩɪɨɛɥɟɦɨɣ ɭɫɬɚ-
ɧɨɜɥɟɧɢɹ, ɨɛɨɫɧɨɜɚɧɢɹ ɢ ɨɛɟɫɩɟɱɟɧɢɹ ɝɚɪɚɧɬɢɣɧɵɯ ɫɪɨɤɨɜ ɷɤɫɩɥɭɚɬɚɰɢɢ ɜɫɩɭɱɢɜɚɸ-
ɳɟɣɫɹ ɨɝɧɟɡɚɳɢɬɵ. ɉɨɤɚɡɚɧɵ ɜɚɠɧɨɫɬɶ ɢ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɬɟɩɥɨɬɟɯɧɢ-
ɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɩɨɥɟɣ ɜ ɤɨɧɫɬɪɭɤɰɢɹɯ ɫ ȼɈɁɉ ɞɥɹ ɪɟɲɟɧɢɹ ɷɬɨɣ ɩɪɨ-
ɛɥɟɦɵ, ɚ ɬɚɤɠɟ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɨɪɝɚɧɢɡɚɰɢɢ ɢ ɩɪɨɜɟɞɟɧɢɹ ɜ ɞɚɥɶɧɟɣɲɟɦ ɤɨɦɩɥɟɤɫɧɵɯ 
ɪɚɛɨɬ, ɜɤɥɸɱɚɸɳɢɯ: 

– ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɚ ɥɚɛɨɪɚɬɨɪɧɨ-ɫɬɟɧɞɨɜɨɦ ɨɛɨɪɭɞɨɜɚɧɢɢ ɨɛɪɚɡɰɨɜ ɞɨ ɢ ɩɨɫɥɟ ɍɄɂ 
ɞɥɹ ɨɰɟɧɤɢ ɫɬɟɩɟɧɢ ɢɡɦɟɧɟɧɢɹ (ɢɥɢ ɫɨɯɪɚɧɟɧɢɹ) ɨɫɧɨɜɧɵɯ ɫɜɨɣɫɬɜ ȼɈɁɉ, ɜɤɥɸɱɚɹ ɩɚ-
ɪɚɦɟɬɪɵ ɜɫɩɭɱɢɜɚɧɢɹ ɢ ɫɨɯɪɚɧɧɨɫɬɢ ɜɫɩɭɱɟɧɧɨɝɨ ɫɥɨɹ;  

– ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɟ ɫ ɩɨɦɨɳɶɸ ɬɟɩɥɨɬɟɯɧɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ ɜɥɢɹɧɢɹ ɬɚɤɢɯ ɢɡɦɟɧɟɧɢɣ 
ɧɚ ɨɝɧɟɡɚɳɢɬɧɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ȼɈɁɉ ɢ ɨɝɧɟɫɬɨɣɤɨɫɬɶ ɡɚɳɢɳɚɟɦɵɯ ɢɦɢ ɤɨɧɫɬɪɭɤɰɢɣ 
ɢ ɢɡɞɟɥɢɣ; 
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– ɩɨɞɝɨɬɨɜɤɭ (ɭɬɨɱɧɟɧɢɟ), ɫɨɝɥɚɫɨɜɚɧɢɟ ɢ ɜɧɟɞɪɟɧɢɟ ɧɨɪɦɚɬɢɜɧɵɯ ɞɨɤɭɦɟɧɬɨɜ, ɪɟɝɥɚ-
ɦɟɧɬɢɪɭɸɳɢɯ ɩɨɪɹɞɨɤ ɜɵɩɨɥɧɟɧɢɹ ɤɨɦɩɥɟɤɫɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɪɚɛɨɬ; 

– ɩɨɞɝɨɬɨɜɤɭ ɪɟɤɨɦɟɧɞɚɰɢɣ ɩɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ ȼɈɁɉ ɞɥɹ ɜɧɨɜɶ ɪɚɡɪɚɛɚɬɵɜɚɟɦɵɯ 
ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɢɡɞɟɥɢɣ ɫ ɭɱɟɬɨɦ ɫɪɨɤɨɜ ɢɯ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɚ ɬɚɤɠɟ ɪɟɤɨɦɟɧɞɚɰɢɣ ɩɨ 
ɩɪɨɞɥɟɧɢɸ ɝɚɪɚɧɬɢɣɧɵɯ ɫɪɨɤɨɜ ɷɤɫɩɥɭɚɬɚɰɢɢ ɥɢɛɨ ɞɨɪɚɛɨɬɤɟ ɢɥɢ ɡɚɦɟɧɟ ɨɝɧɟɡɚɳɢɬɵ 
ɧɚ ɷɤɫɩɥɭɚɬɢɪɭɟɦɵɯ ɨɛɴɟɤɬɚɯ ɢ ɢɡɞɟɥɢɹɯ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɜɵɩɨɥɧɟɧɢɹ ɡɚɞɚɧɧɵɯ ɬɪɟ-
ɛɨɜɚɧɢɣ ɩɨ ɢɯ ɨɝɧɟɫɬɨɣɤɨɫɬɢ.  

 
ɋɩɢɫɨɤ ɢɫɬɨɱɧɢɤɨɜ 
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Abstract. Recently, additive methods for manufacturing of parts by building up the material 
in various ways have become very popular. During the processing of the source material, com-
plex physical processes take place, the nature of which will determine the final quality of the 
part. Mathematical modeling of heat and mass transfer allows to reduce the time and cost of op-
timization of the technological regime. The paper is devoted to the review and analysis of physi-
cal and mathematical models of the processes occurring during the manufacturing of parts  
using additive technologies. 
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printing, mathematical modeling, technological regime 
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ȼɜɟɞɟɧɢɟ 
ȼ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɲɢɪɨɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɤɚɤ ɜ Ɋɨɫɫɢɢ, ɬɚɤ ɢ ɡɚ ɪɭɛɟɠɨɦ ɩɨ-

ɥɭɱɚɸɬ ɦɟɬɨɞɵ ɚɞɞɢɬɢɜɧɵɯ ɬɟɯɧɨɥɨɝɢɣ Д1–γЖ. ɋɭɬɶ ɦɟɬɨɞɨɜ ɫɨɫɬɨɢɬ ɧɟ ɜ ɬɪɚɞɢɰɢɨɧɧɨɦ 
ɭɞɚɥɟɧɢɢ ɱɚɫɬɢ ɦɚɬɟɪɢɚɥɚ ɦɟɯɚɧɢɱɟɫɤɢɦ, ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɦ ɢɥɢ ɢɧɵɦ ɫɩɨɫɨɛɨɦ ɩɪɢ 
ɢɡɝɨɬɨɜɥɟɧɢɢ ɞɟɬɚɥɟɣ ɢ ɢɡɞɟɥɢɣ, ɚ ɜ ɮɨɪɦɢɪɨɜɚɧɢɢ ɢɯ ɫɬɪɭɤɬɭɪɵ ɩɭɬɟɦ ɩɨɫɥɨɣɧɨɝɨ 
ɞɨɛɚɜɥɟɧɢɹ ɦɚɬɟɪɢɚɥɚ ɧɚ ɩɨɞɥɨɠɤɭ. Ɍɚɤɨɣ ɩɨɞɯɨɞ ɩɨɡɜɨɥɹɟɬ ɫɨɡɞɚɜɚɬɶ ɧɟ ɬɪɟɛɭɸɳɢɟ 
ɩɨɫɥɟɞɭɸɳɟɣ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɞɟɬɚɥɢ ɢɡ ɪɚɡɥɢɱɧɵɯ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɢ ɧɟɦɟɬɚɥ-
ɥɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ. 

ɋɭɳɟɫɬɜɭɟɬ ɧɟɫɤɨɥɶɤɨ ɨɫɧɨɜɧɵɯ ɩɪɢɧɰɢɩɨɜ ɩɨɫɥɨɣɧɨɝɨ ɮɨɪɦɢɪɨɜɚɧɢɹ ɫɬɪɭɤɬɭ-
ɪɵ ɞɟɬɚɥɟɣ. ɋɟɥɟɤɬɢɜɧɨɟ ɥɚɡɟɪɧɨɟ ɩɥɚɜɥɟɧɢɟ (ɋɅɉ, Selective Laser Molding – SLM) ɫɨ-
ɫɬɨɢɬ ɜ ɩɨɫɥɨɣɧɨɦ ɧɚɧɟɫɟɧɢɢ ɫɥɨɹ ɩɨɪɨɲɤɨɨɛɪɚɡɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɢ ɟɝɨ ɫɩɥɚɜɥɟɧɢɢ ɫ 
ɩɨɦɨɳɶɸ ɥɭɱɚ ɥɚɡɟɪɚ. Ɉɫɨɛɟɧɧɨɫɬɶɸ ɦɟɬɨɞɚ ɹɜɥɹɟɬɫɹ ɩɨɥɧɨɟ ɩɥɚɜɥɟɧɢɟ ɦɚɬɟɪɢɚɥɚ ɜ 
ɨɛɥɚɫɬɢ ɩɹɬɧɚ ɥɭɱɚ ɥɚɡɟɪɚ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɮɨɪɦɢɪɨɜɚɧɢɸ ɦɨɧɨɥɢɬɧɨɣ ɫɬɪɭɤɬɭɪɵ ɦɚ-
ɬɟɪɢɚɥɚ. Ⱥɧɚɥɨɝɢɱɧɵɦ ɦɟɬɨɞɨɦ ɹɜɥɹɟɬɫɹ ɫɟɥɟɤɬɢɜɧɨɟ ɥɚɡɟɪɧɨɟ ɫɩɟɤɚɧɢɟ (ɋɅɋ, Selec-
tive Laser Sintering – SLS), ɤɨɬɨɪɨɟ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɩɨɫɥɨɣɧɨɦ ɧɚɧɟɫɟɧɢɢ ɬɨɧɤɨɝɨ ɫɥɨɹ 
ɩɨɪɨɲɤɨɜɨɝɨ ɦɚɬɟɪɢɚɥɚ ɧɚ ɩɨɞɥɨɠɤɭ ɢ ɜ ɞɚɥɶɧɟɣɲɟɦ ɟɝɨ ɫɩɟɤɚɧɢɢ ɫ ɩɨɦɨɳɶɸ ɥɚɡɟɪ-
ɧɨɝɨ ɥɭɱɚ. ȼ ɨɬɥɢɱɢɟ ɨɬ ɦɟɬɨɞɚ ɋɅɉ, ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɧɟ ɩɪɨɢɫɯɨɞɢɬ ɩɨɥɧɨɝɨ ɩɥɚɜɥɟ-
ɧɢɹ ɦɚɬɟɪɢɚɥɚ. ɉɪɢ ɮɨɪɦɢɪɨɜɚɧɢɢ ɧɚɜɢɫɚɸɳɢɯ ɷɥɟɦɟɧɬɨɜ ɞɟɬɚɥɢ ɧɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɜ 
ɫɨɡɞɚɧɢɢ ɩɨɞɞɟɪɠɢɜɚɸɳɢɯ ɫɬɪɭɤɬɭɪ, ɬɚɤ ɤɚɤ ɫɥɨɢ ɩɨɪɨɲɤɚ ɥɟɠɚɬ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɧɟ-
ɫɩɟɱɟɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ Д4, 5Ж.  

ɉɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɞɟɬɚɥɟɣ ɫ ɩɨɦɨɳɶɸ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɦɟɬɨɞɨɦ ɧɚɩɥɚɜɥɟɧɢɹ 
(Fused Deposition Modeling – FDM) ɨɛɴɟɤɬ ɮɨɪɦɢɪɭɟɬɫɹ ɩɪɢ ɩɨɫɥɨɣɧɨɣ ɭɤɥɚɞɤɟ ɪɚɫ-
ɩɥɚɜɥɟɧɧɨɣ ɧɢɬɢ ɩɥɚɜɤɨɝɨ ɦɚɬɟɪɢɚɥɚ. ɂɫɯɨɞɧɵɣ ɦɚɬɟɪɢɚɥ ɩɨɞɚɟɬɫɹ ɜ ɷɤɫɬɪɭɞɟɪ, ɝɞɟ 
ɩɪɨɢɫɯɨɞɹɬ ɟɝɨ ɩɥɚɜɥɟɧɢɟ ɢ ɜɵɞɚɜɥɢɜɚɧɢɟ ɱɟɪɟɡ ɬɨɧɤɨɟ ɫɨɩɥɨ Д6–8]. 

ɋɭɳɟɫɬɜɭɸɬ ɢ ɞɪɭɝɢɟ ɦɟɬɨɞɵ ɮɨɪɦɢɪɨɜɚɧɢɹ ɞɟɬɚɥɟɣ ɫ ɩɨɦɨɳɶɸ ɚɞɞɢɬɢɜɧɵɯ 
ɬɟɯɧɨɥɨɝɢɣ: ɢɡɝɨɬɨɜɥɟɧɢɟ ɞɟɬɚɥɟɣ ɩɭɬɟɦ ɫɤɥɟɢɜɚɧɢɹ ɬɨɧɤɢɯ ɩɥɟɧɨɤ ɫ ɩɨɫɥɨɣɧɵɦ ɜɵɪɟ-
ɡɚɧɢɟɦ ɥɢɲɧɟɝɨ ɦɚɬɟɪɢɚɥɚ (Laminated Object Manufacturing – LOM), ɦɟɬɨɞ ɦɧɨɝɨ-
ɫɬɪɭɣɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɷɥɟɤɬɪɨɧɧɨ-ɥɭɱɟɜɚɹ ɩɥɚɜɤɚ, ɥɚɡɟɪɧɚɹ ɫɬɟɪɟɨɥɢɬɨɝɪɚɮɢɹ (La-
ser Stereolithography – LSA) ɢ ɞɪ. 

ɇɟɫɦɨɬɪɹ ɧɚ ɛɨɥɶɲɨɣ ɢɧɬɟɪɟɫ ɜɨ ɜɫɟɦ ɦɢɪɟ ɤ ɚɞɞɢɬɢɜɧɵɦ ɬɟɯɧɨɥɨɝɢɹɦ, ɲɢɪɨ-
ɤɨɦɭ ɢɯ ɩɪɢɦɟɧɟɧɢɸ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɧɚɝɪɭɠɟɧɧɵɯ ɞɟɬɚɥɟɣ (ɜ ɱɚɫɬɧɨ-
ɫɬɢ, ɢɡ ɩɥɚɫɬɢɤɨɜ) ɦɟɲɚɟɬ ɪɹɞ ɩɪɨɛɥɟɦ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ ɨɝɪɚɧɢɱɟɧɧɵɣ ɚɫɫɨɪɬɢɦɟɧɬ 
ɫɨɜɪɟɦɟɧɧɵɯ ɜɵɫɨɤɨɩɪɨɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɧɟɞɨɫɬɚɬɨɱɧɭɸ ɬɨɱɧɨɫɬɶ ɞɟɬɚɥɢ ɢɡ-ɡɚ ɟɟ ɤɨ-
ɪɨɛɥɟɧɢɹ ɩɨɫɥɟ ɢɡɝɨɬɨɜɥɟɧɢɹ, ɬɪɭɞɧɨ ɩɪɟɞɫɤɚɡɭɟɦɵɟ ɦɟɯɚɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
(ɩɪɨɱɧɨɫɬɶ ɢ ɠɟɫɬɤɨɫɬɶ) ɛɭɞɭɳɟɣ ɞɟɬɚɥɢ, ɜɨɡɦɨɠɧɵɟ ɞɟɮɟɤɬɵ (ɪɚɫɫɥɨɟɧɢɟ, ɨɬɪɵɜ ɨɬ 
ɨɩɨɪɧɨɣ ɩɥɢɬɵ, ɡɚɡɨɪɵ ɢ ɩɨɪɵ, ɨɫɬɚɬɨɱɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɢ ɞɪ.), ɚ ɬɚɤɠɟ ɞɥɢɬɟɥɶɧɨɫɬɶ 
ɩɪɨɰɟɫɫɚ ɢɡɝɨɬɨɜɥɟɧɢɹ. ȼɫɟ ɷɬɨ ɫɩɨɫɨɛɫɬɜɭɟɬ ɜɨɡɧɢɤɧɨɜɟɧɢɸ ɢɞɟɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɜɢɪɬɭɚɥɶɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫ ɰɟɥɶɸ ɨɬɪɚɛɨɬɤɢ ɬɟɯɧɨɥɨɝɢɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɢ ɩɨɥɭɱɟ-
ɧɢɹ ɛɭɞɭɳɟɣ ɞɟɬɚɥɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɡɚɞɚɧɧɵɦ ɦɟɯɚɧɢɱɟɫɤɢɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ  
ɢ ɬɨɱɧɨɫɬɢ [9].  

Ɋɚɡɪɚɛɨɬɤɨɣ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɬɟɩɥɨ- ɢ ɦɚɫɫɨɩɟɪɟɧɨɫɚ ɩɪɢ ɮɨɪɦɢɪɨɜɚ-
ɧɢɢ ɫɬɪɭɤɬɭɪɵ ɦɚɬɟɪɢɚɥɚ ɦɟɬɨɞɨɦ ɚɞɞɢɬɢɜɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɡɚɧɢɦɚɥɢɫɶ ɦɧɨɝɢɟ ɚɜɬɨɪ-
ɫɤɢɟ ɤɨɥɥɟɤɬɢɜɵ ɤɚɤ ɜ Ɋɨɫɫɢɢ, ɬɚɤ ɢ ɡɚ ɪɭɛɟɠɨɦ. ȼ ɪɹɞɟ ɪɚɛɨɬ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɦɟɯɚ-
ɧɢɡɦ ɬɟɩɥɨɩɟɪɟɧɨɫɚ ɩɪɢ ɡɧɚɱɟɧɢɹɯ ɩɨɪɢɫɬɨɫɬɢ >70 % ɡɧɚɱɢɬɟɥɶɧɨ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɬɟɩ-
ɥɨɩɟɪɟɧɨɫɚ ɜ ɫɩɥɨɲɧɨɣ ɫɪɟɞɟ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɭɯɭɞɲɟɧɢɸ ɤɚɱɟɫɬɜɚ ɫɩɟɱɟɧɧɨɝɨ ɫɥɨɹ. 
ɇɚ ɷɬɨ ɬɚɤɠɟ ɜɥɢɹɟɬ ɫɤɨɪɨɫɬɶ ɨɛɪɚɛɨɬɤɢ ɥɚɡɟɪɧɵɦ ɢɡɥɭɱɟɧɢɟɦ, ɱɬɨ ɦɨɠɟɬ ɩɪɢɜɨɞɢɬɶ 
ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɩɨɪ ɢ ɧɟɩɪɨɩɥɚɜɥɟɧɧɵɯ ɦɟɫɬ Д10, 11Ж. 

ɋɭɳɟɫɬɜɭɸɬ ɬɚɤɠɟ ɦɨɞɟɥɢ, ɭɱɢɬɵɜɚɸɳɢɟ: ɨɫɨɛɟɧɧɨɫɬɢ ɩɟɪɟɞɚɱɢ ɷɧɟɪɝɢɢ ɥɚ-
ɡɟɪɧɨɝɨ ɢɡɥɭɱɟɧɢɹ ɱɚɫɬɢɰɚɦ ɩɪɢ ɢɯ ɪɚɡɦɟɪɚɯ ɦɟɧɶɲɟ, ɱɟɦ ɞɢɚɦɟɬɪ ɩɹɬɧɚ ɢɡɥɭɱɟɧɢɹ; 
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ɩɟɪɟɞɚɱɭ ɷɧɟɪɝɢɢ ɱɟɪɟɡ ɜɟɪɯɧɸɸ ɩɨɥɨɜɢɧɭ ɫɮɟɪɵ ɫ ɡɚɜɢɫɢɦɨɫɬɶɸ ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɨ-
ɝɥɨɳɟɧɢɹ ɢɡɥɭɱɟɧɢɹ ɨɬ ɭɝɥɚ ɟɝɨ ɩɚɞɟɧɢɹ; ɩɥɚɜɥɟɧɢɟ ɦɚɬɟɪɢɚɥɚ ɜ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ 
ɫɨɥɢɞɭɫ ɢ ɥɢɤɜɢɞɭɫ; ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɚɪɟɧɢɹ ɦɚɬɟɪɢɚɥɚ ɫ ɩɨɜɟɪɯɧɨɫɬɢ; ɡɚɜɢɫɢɦɨɫɬɶ 
ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɦɚɬɟɪɢɚɥɚ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ. Ɍɚɤɢɟ ɦɨɞɟɥɢ ɚɞɚɩɬɢɪɨɜɚɧɵ 
ɞɥɹ ɫɬɚɧɞɚɪɬɢɡɢɪɨɜɚɧɧɵɯ ɩɪɨɝɪɚɦɦɧɵɯ ɩɪɨɞɭɤɬɨɜ ɢɥɢ ɦɢɤɪɨɭɪɨɜɧɟɜɵɯ ɦɨɞɟɥɟɣ ɫɨɛ-
ɫɬɜɟɧɧɨɣ ɪɚɡɪɚɛɨɬɤɢ. Ɇɨɞɟɥɢɪɭɟɬɫɹ ɬɟɩɥɨ-ɦɚɫɫɨɩɟɪɟɧɨɫ ɜɫɟɝɨ ɥɢɲɶ ɨɞɧɨɝɨ ɬɪɟɤɚ, ɩɪɚ-
ɜɢɥɶɧɨɫɬɶ ɦɨɞɟɥɟɣ ɧɟ ɨɰɟɧɢɜɚɟɬɫɹ ɩɪɢ ɜɵɪɚɳɢɜɚɧɢɢ ɞɟɬɚɥɢ Д1β–14]. 

Ɋɚɛɨɬɚ Д15Ж ɩɨɫɜɹɳɟɧɚ ɪɚɡɪɚɛɨɬɤɟ ɦɧɨɝɨɦɚɫɲɬɚɛɧɨɣ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ.  
ȼ ɧɚɱɚɥɶɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɩɨɪɨɲɨɤ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɬɪɭɤɬɭɪɭ ɫɨ ɫɥɭɱɚɣɧɵɦ 
ɪɚɫɩɨɥɨɠɟɧɢɟɦ ɡɟɪɟɧ ɫ ɩɪɟɞɨɩɪɟɞɟɥɟɧɧɵɦ ɪɚɡɛɪɨɫɨɦ ɢɯ ɪɚɡɦɟɪɚ. ɂɫɩɨɥɶɡɭɟɬɫɹ ɭɩɪɨ-
ɳɟɧɧɚɹ ɦɨɞɟɥɶ ɧɚɝɪɟɜɚ (S.χ. KСКТrКХХКС) ɞɥɹ ɪɚɫɱɟɬɚ ɬɟɩɥɨɩɟɪɟɧɨɫɚ ɢ ɩɨɥɭɱɚɟɦɨɣ ɦɢɤ-
ɪɨɫɬɪɭɤɬɭɪɵ ɫɩɟɱɟɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. ȼ ɪɚɛɨɬɟ Д15Ж ɬɚɤɠɟ ɢɡɭɱɟɧɨ ɜɥɢɹɧɢɟ ɫɤɨɪɨɫɬɢ 
ɞɜɢɠɟɧɢɹ ɥɚɡɟɪɧɨɝɨ ɥɭɱɚ ɧɚ ɮɨɪɦɭ, ɪɚɡɦɟɪ ɢ ɨɪɢɟɧɬɚɰɢɸ ɩɨɥɭɱɚɟɦɵɯ ɡɟɪɟɧ. 

ȼ ɪɚɛɨɬɟ Д15Ж ɢɫɩɨɥɶɡɭɸɬɫɹ ɧɟɫɤɨɥɶɤɨ ɦɨɞɟɥɟɣ. Ɇɨɞɟɥɶ ɞɢɫɤɪɟɬɧɨɝɨ ɷɥɟɦɟɧɬɚ 
(Discrete Element Model – DEε) ɩɪɢɦɟɧɹɟɬɫɹ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɢɫɯɨɞɧɨɣ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ 
ɜ ɡɨɧɟ ɪɚɫɩɥɚɜɚ. Ɇɨɞɟɥɶ ɞɜɢɠɟɧɢɹ ɠɢɞɤɨɫɬɢ (Computational Fluid Dynamics – CFD) ɪɟ-
ɚɥɢɡɭɟɬɫɹ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɥɭɱɚ ɥɚɡɟɪɚ ɢ ɩɨɪɨɲɤɚ ɫ ɰɟɥɶɸ ɩɨɥɭɱɟ-
ɧɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɩɨɜɟɪɯɧɨɫɬɢ. Ɇɨɞɟɥɶ ɪɨɫɬɚ ɤɪɢ-
ɫɬɚɥɥɨɜ (Cellular Automaton – Cχ) ɨɩɢɫɵɜɚɟɬ ɩɪɨɰɟɫɫ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɢ ɨɩɪɟɞɟɥɟɧɢɹ 
ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɦɚɬɟɪɢɚɥɚ. ɂɧɬɟɧɫɢɜɧɨɫɬɶ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɜ ɥɭɱɟ ɥɚɡɟɪɚ ɩɨɞɱɢɧɹɟɬ-
ɫɹ ɪɚɫɩɪɟɞɟɥɟɧɢɸ Ƚɚɭɫɫɚ. Ɍɟɩɥɨɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɜ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɨɛɥɚɫɬɢ ɩɥɚɜɥɟ-
ɧɢɹ ɡɚɞɚɸɬɫɹ ɥɢɧɟɣɧɨɣ ɮɭɧɤɰɢɟɣ. 

Ⱥɜɬɨɪɚɦɢ ɪɚɛɨɬɵ Д16Ж ɪɚɡɪɚɛɨɬɚɧɚ ɦɨɞɟɥɶ, ɨɩɢɫɵɜɚɸɳɚɹ ɩɨɝɥɨɳɟɧɢɟ ɪɚɞɢɚɰɢ-
ɨɧɧɨɣ ɷɧɟɪɝɢɢ ɦɟɬɚɥɥɢɱɟɫɤɢɦ ɩɨɪɨɲɤɨɦ ɢ ɟɟ ɞɢɮɮɭɡɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɜ ɦɚɬɟɪɢɚɥɟ. 
Ɋɚɡɪɚɛɨɬɚɧɚ ɩɪɨɝɪɚɦɦɚ FRED, ɩɪɟɞɧɚɡɧɚɱɟɧɧɚɹ ɞɥɹ ɪɚɫɱɟɬɚ ɭɝɥɨɜ, ɩɨɥɹɪɢɡɚɰɢɢ, ɦɨɳ-
ɧɨɫɬɢ, ɩɪɟɥɨɦɥɟɧɢɹ ɢ ɨɬɪɚɠɟɧɢɹ ɥɭɱɟɣ ɜ ɩɨɪɢɫɬɨɦ ɬɟɥɟ. Ɇɨɞɟɥɶ ɨɩɪɨɛɨɜɚɧɚ ɧɚ ɢɞɟ-
ɚɥɶɧɨɣ ɫɢɫɬɟɦɟ, ɩɪɢ ɷɬɨɦ ɫɱɢɬɚɥɨɫɶ, ɱɬɨ ɜ ɧɚɱɚɥɶɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɱɚɫɬɢɰɵ ɩɨɪɨɲ-
ɤɚ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɩɥɨɬɧɨ ɭɩɚɤɨɜɚɧɧɵɟ ɜ ɝɟɤɫɚɝɨɧɚɥɶɧɭɸ ɫɬɪɭɤɬɭɪɭ ɫɮɟɪɵ ɨɞɢɧɚ-
ɤɨɜɨɝɨ ɞɢɚɦɟɬɪɚ. Ʌɭɱ ɥɚɡɟɪɚ ɢɦɟɥ ɪɚɜɧɨɦɟɪɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɢ ɛɵɥ 
ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɶɲɟ ɯɚɪɚɤɬɟɪɧɨɝɨ ɪɚɡɦɟɪɚ ɱɚɫɬɢɰ. Ⱦɥɹ ɨɩɢɫɚɧɢɹ ɫɬɪɭɤɬɭɪɵ ɪɟɚɥɶɧɨɝɨ 
ɩɨɪɨɲɤɚ ɩɪɢɦɟɧɟɧɚ ɫɩɟɰɢɚɥɶɧɚɹ ɩɪɨɝɪɚɦɦɚ, ɩɨɡɜɨɥɹɸɳɚɹ ɨɩɪɟɞɟɥɹɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɟ 
ɪɚɡɦɟɪɨɜ ɢ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɮɨɪɦɵ ɱɚɫɬɢɰ ɜ ɦɟɧɟɟ ɩɥɨɬɧɨɣ ɭɩɚɤɨɜɤɟ.  

Ⱥɜɬɨɪɚɦɢ ɪɚɛɨɬɵ Д17Ж ɫɨɡɞɚɧɚ ɦɨɞɟɥɶ ɞɥɹ ɪɚɫɱɟɬɚ ɫɜɨɛɨɞɧɨɣ ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ 
«ɠɢɞɤɨɫɬɶ–ɝɚɡ», ɩɪɢ ɷɬɨɦ ɩɨɪɨɲɨɤ ɞɨɫɬɚɜɥɹɟɬɫɹ ɤ ɩɹɬɧɭ ɥɚɡɟɪɚ ɫ ɩɨɦɨɳɶɸ ɤɨɚɤɫɢɚɥɶ-
ɧɨ ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɫɨɩɟɥ. ȼ ɪɚɦɤɚɯ ɦɨɞɟɥɢ ɭɱɢɬɵɜɚɸɬɫɹ: ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɥɚɡɟɪɚ ɫ ɩɨ-
ɪɨɲɤɨɦ, ɞɜɢɠɟɧɢɟ ɬɨɱɤɢ ɩɥɚɜɥɟɧɢɹ, ɚ ɬɚɤɠɟ ɩɥɚɜɥɟɧɢɟ ɢ ɡɚɬɜɟɪɞɟɜɚɧɢɟ. ɂɧɬɟɧɫɢɜ-
ɧɨɫɬɶ ɷɧɟɪɝɢɢ ɥɭɱɚ ɥɚɡɟɪɚ ɨɩɢɫɵɜɚɟɬɫɹ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ Ƚɚɭɫɫɚ. ɉɥɨɬɧɨɫɬɶ, ɬɟɩɥɨɟɦ-
ɤɨɫɬɶ, ɬɟɩɥɨɬɚ ɩɥɚɜɥɟɧɢɹ ɢ ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɝɥɨɳɟɧɢɹ ɥɭɱɚ ɥɚɡɟɪɚ ɞɥɹ ɩɨɪɨɲɤɚ ɫɱɢɬɚ-
ɸɬɫɹ ɩɨɫɬɨɹɧɧɵɦɢ. Ɉɛɥɚɫɬɶ ɩɥɚɜɥɟɧɢɹ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɧɚɥɢɱɢɟɦ ɬɪɟɯ ɮɚɡ: ɱɢɫɬɵɯ 
ɠɢɞɤɨɣ ɢ ɬɜɟɪɞɨɣ ɮɚɡ, ɚ ɬɚɤɠɟ ɫɦɟɫɢ ɠɢɞɤɨɣ ɢ ɬɜɟɪɞɨɣ ɮɚɡ, ɩɪɢ ɷɬɨɦ ɩɥɨɬɧɨɫɬɶ, ɷɧ-
ɬɚɥɶɩɢɹ ɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɪɚɜɢɥɨɦ ɫɦɟɫɢ. Ɇɨɞɟɥɶ ɞɨɩɨɥɧɟɧɚ ɧɨɜɵɦ 
ɩɨɞɯɨɞɨɦ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɤɨɬɨɪɵɦ ɝɚɡɨɜɚɹ ɮɚɡɚ ɜ ɤɨɧɬɪɨɥɶɧɵɯ ɨɛɴɟɦɚɯ ɡɚɦɟɧɹɟɬɫɹ 
ɨɫɚɠɞɟɧɧɵɦ ɦɚɬɟɪɢɚɥɨɦ. ɍɪɚɜɧɟɧɢɹ ɞɢɫɤɪɟɬɢɡɢɪɨɜɚɧɵ ɫ ɩɨɦɨɳɶɸ ɦɟɬɨɞɚ ɤɨɧɟɱɧɵɯ 
ɨɛɴɟɦɨɜ ɞɥɹ ɭɱɟɬɚ ɤɚɩɢɥɥɹɪɧɵɯ ɢ ɬɟɪɦɨɤɚɩɢɥɥɹɪɧɵɯ ɫɢɥ. Ɋɟɲɟɧɢɟ ɨɫɭɳɟɫɬɜɥɹɥɨɫɶ 
ɦɟɬɨɞɨɦ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ. 

ȼ ɪɚɛɨɬɟ Д1κЖ ɩɪɟɞɥɨɠɟɧɚ ɨɞɧɨɦɟɪɧɚɹ ɦɨɞɟɥɶ ɞɥɹ ɪɚɫɱɟɬɚ ɜɥɢɹɧɢɹ ɥɚɡɟɪɧɨɝɨ ɢɡ-
ɥɭɱɟɧɢɹ ɧɚ ɦɚɬɟɪɢɚɥ. ɉɪɨɰɟɫɫ ɢɫɩɚɪɟɧɢɹ ɨɩɢɫɵɜɚɟɬɫɹ ɜ ɪɚɦɤɚɯ ɡɚɞɚɱɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨ-
ɫɬɢ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɣ ɫɪɟɞɵ ɜ ɤɨɨɪɞɢɧɚɬɧɨɣ ɫɢɫɬɟɦɟ, ɫɜɹɡɚɧɧɨɣ ɫ ɞɜɢɠɭɳɟɣɫɹ ɝɪɚɧɢ-
ɰɟɣ ɪɚɡɞɟɥɚ «ɬɜɟɪɞɨɟ ɬɟɥɨ/ɝɚɡ» ɢɥɢ «ɪɚɫɩɥɚɜ/ɝɚɡ». ɇɟ ɭɱɢɬɵɜɚɟɬɫɹ ɩɨɬɟɪɹ ɷɧɟɪɝɢɢ  
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ɥɚɡɟɪɚ ɡɚ ɫɱɟɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɜ ɩɨɩɟɪɟɱɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ. Ɍɟɩɥɨɮɢɡɢɱɟɫɤɢɟ  
ɫɜɨɣɫɬɜɚ ɦɚɬɟɪɢɚɥɚ ɫɱɢɬɚɸɬɫɹ ɡɚɜɢɫɹɳɢɦɢ ɬɨɥɶɤɨ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ. ɋɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ 
ɪɟɲɚɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɧɟɹɜɧɨɣ ɤɨɧɟɱɧɨ-ɪɚɡɧɨɫɬɧɨɣ ɫɯɟɦɵ. 

ȼ ɪɚɛɨɬɟ Д1λЖ ɩɪɟɞɥɨɠɟɧɚ ɦɨɞɟɥɶ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɨɩɬɢɦɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɥɚ-
ɡɟɪɧɨɣ ɧɚɩɥɚɜɤɢ. ȼ ɬɪɟɯɦɟɪɧɨɣ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɭɱɢɬɵɜɚɟɬɫɹ ɛɚɥɚɧɫ ɷɧɟɪɝɢɢ 
ɜɞɨɥɶ ɥɚɡɟɪɧɨɝɨ ɥɭɱɚ, ɱɚɫɬɢɰ ɩɨɪɨɲɤɚ ɢ ɩɨɞɥɨɠɤɢ ɞɥɹ ɪɚɫɱɟɬɚ ɮɨɪɦɵ ɜɚɧɧɵ ɪɚɫɩɥɚɜɚ. 
ɇɚ ɨɫɧɨɜɟ ɜɵɛɪɚɧɧɵɯ ɬɨɥɳɢɧɵ ɧɚɩɥɚɜɤɢ, ɦɨɳɧɨɫɬɢ ɥɚɡɟɪɚ, ɞɢɚɦɟɬɪɚ ɥɭɱɚ ɢ ɝɟɨɦɟɬɪɢ-
ɱɟɫɤɨɣ ɮɨɪɦɵ ɫɬɪɭɢ ɝɚɡɚ ɫ ɩɨɪɨɲɤɨɦ ɨɩɪɟɞɟɥɹɸɬ ɨɩɬɢɦɚɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ ɬɟɯɧɨɥɨɝɢ-
ɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ.  

ȼ ɪɚɦɤɚɯ ɩɪɟɞɥɨɠɟɧɧɨɣ ɦɨɞɟɥɢ ɫɱɢɬɚɟɬɫɹ, ɱɬɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɥɭɱɚ ɥɚɡɟɪɚ ɫ ɩɨ-
ɪɨɲɤɨɦ ɢ ɩɥɚɜɥɟɧɢɟ ɪɚɫɩɥɚɜɚ ɩɪɨɢɫɯɨɞɹɬ ɨɬɞɟɥɶɧɨ. ɉɪɨɰɟɫɫ ɫɱɢɬɚɟɬɫɹ ɫɬɚɰɢɨɧɚɪɧɵɦ, 
ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɦɚɬɟɪɢɚɥɨɜ ɧɚɩɥɚɜɤɢ ɢ ɩɨɞɥɨɠɤɢ ɨɞɢɧɚɤɨɜɵ, ɬɟɩɥɨɜɵɟ ɷɮɮɟɤ-
ɬɵ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ ɧɟɡɧɚɱɢɬɟɥɶɧɵ, ɷɧɟɪɝɢɹ ɥɭɱɚ ɥɚɡɟɪɚ ɩɨɫɬɨɹɧɧɚ ɢɥɢ ɩɨɞɱɢɧɹɟɬɫɹ 
ɪɚɫɩɪɟɞɟɥɟɧɢɸ Ƚɚɭɫɫɚ, ɷɮɮɟɤɬɵ ɩɥɚɡɦɵ ɜ ɥɚɡɟɪɟ ɨɬɫɭɬɫɬɜɭɸɬ, ɱɚɫɬɢɰɵ ɩɨɪɨɲɤɚ ɝɨɦɨɝɟɧ-
ɧɵɟ ɢ ɫɮɟɪɢɱɟɫɤɢɟ, ɜɫɟ ɱɚɫɬɢɰɵ, ɞɨɫɬɢɝɚɸɳɢɟ ɜɚɧɧɵ ɪɚɫɩɥɚɜɚ, ɩɪɢɥɢɩɚɸɬ ɤ ɩɨɞɥɨɠɤɟ. 

 
Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɬɟɩɥɨɩɟɪɟɧɨɫɚ 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɧɚ ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ ɥɢɬɟɪɚɬɭɪɵ ɪɚɫɫɦɚɬɪɢ-
ɜɚɸɬɫɹ ɦɚɬɟɪɢɚɥɵ, ɢɫɯɨɞɧɨɣ ɫɬɪɭɤɬɭɪɨɣ ɤɨɬɨɪɵɯ ɹɜɥɹɸɬɫɹ ɩɨɪɨɲɤɨɜɵɟ ɤɨɦɩɨɡɢɰɢɢ, 
ɫɨɫɬɨɹɳɢɟ ɢɡ ɦɧɨɠɟɫɬɜɚ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɯ ɦɟɠɞɭ ɫɨɛɨɣ ɢ ɫ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɨɣ ɱɚ-
ɫɬɢɰ. Ɋɚɛɨɬɚ ɩɨɫɜɹɳɟɧɚ ɪɚɡɪɚɛɨɬɤɟ ɮɢɡɢɱɟɫɤɨɣ ɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɟɣ, ɤɨɬɨɪɵɟ 
ɩɨɡɜɨɥɹɬ ɩɪɨɜɨɞɢɬɶ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɬɟɩɥɨ- ɢ ɦɚɫɫɨɩɟɪɟɧɨɫɚ ɩɪɢ ɷɜɨɥɸɰɢɢ ɩɨɪɨɲɤɨɜɨɣ 
ɤɨɦɩɨɡɢɰɢɢ ɜ ɭɫɥɨɜɢɹɯ ɜɨɡɞɟɣɫɬɜɢɹ ɜɵɫɨɤɨɢɧɬɟɧɫɢɜɧɨɝɨ ɦɨɧɨɯɪɨɦɚɬɢɱɟɫɤɨɝɨ ɤɨɝɟ-
ɪɟɧɬɧɨɝɨ ɢɡɥɭɱɟɧɢɹ. Ɉɫɧɨɜɚ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɬɟɩɥɨɩɟɪɟɧɨɫɚ – ɨɛɨɛɳɟɧɧɨɟ ɧɟ-
ɫɬɚɰɢɨɧɚɪɧɨɟ ɧɟɥɢɧɟɣɧɨɟ ɭɪɚɜɧɟɧɢɟ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɧɚɱɚɥɶ-
ɧɵɦɢ ɢ ɝɪɚɧɢɱɧɵɦɢ ɭɫɥɨɜɢɹɦɢ. Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɞɥɹ ɦɚɫɫɨɨɛɦɟɧɚ ɫɨɞɟɪɠɢɬ 
ɭɪɚɜɧɟɧɢɟ ɧɟɪɚɡɪɵɜɧɨɫɬɢ, ɩɪɢ ɷɬɨɦ ɞɥɹ ɨɩɢɫɚɧɢɹ ɩɨɥɹ ɫɤɨɪɨɫɬɟɣ ɩɪɢɦɟɧɹɸɬɫɹ ɭɪɚɜɧɟ-
ɧɢɹ ɇɚɜɶɟ–ɋɬɨɤɫɚ. Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɞɨɥɠɧɚ ɭɱɢɬɵɜɚɬɶ ɧɟɥɢɧɟɣɧɵɟ ɡɚɜɢɫɢɦɨ-
ɫɬɢ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɦɚɬɟɪɢɚɥɨɜ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ, ɮɚɡɨɜɨɝɨ ɫɨɫɬɚɜɚ ɢ ɜɪɟɦɟɧɢ, 
ɞɥɹ ɱɟɝɨ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɩɪɨɜɟɞɟɧɢɟ ɲɢɪɨɤɨɝɨ ɫɩɟɤɬɪɚ ɥɚɛɨɪɚɬɨɪɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 
ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɢ ɫɬɪɭɤɬɭɪɧɨ-ɮɚɡɨɜɨɝɨ ɫɨɫɬɨɹɧɢɹ ɦɚɬɟɪɢɚɥɨɜ. 

ɉɪɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɦ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɬɟɩɥɨ- ɢ ɦɚɫɫɨɩɟɪɟɧɨɫɚ ɫɥɨɠɧɵɯ ɦɧɨɝɨ-
ɮɚɡɧɵɯ ɫɢɫɬɟɦ ɢ ɫɬɪɭɤɬɭɪ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɯɫɹ ɜɧɭɬɪɟɧɧɢɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ ɪɚɫɫɦɚɬ-
ɪɢɜɚɟɦɵɯ ɨɛɴɟɤɬɨɜ, ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɹɜɥɹɟɬɫɹ ɦɧɨɝɨɦɚɫɲɬɚɛɧɵɣ ɩɨɞɯɨɞ. ȿɝɨ ɫɭɬɶ  
ɫɨɫɬɨɢɬ ɜ ɪɚɫɫɦɨɬɪɟɧɢɢ ɨɛɴɟɤɬɚ ɧɚ ɧɟɫɤɨɥɶɤɢɯ ɦɚɫɲɬɚɛɧɵɯ ɭɪɨɜɧɹɯ: ɦɢɤɪɨ-, ɦɟɡɨ-  
ɢ ɦɚɤɪɨɭɪɨɜɧɟ. ɏɚɪɚɤɬɟɪɧɵɣ ɪɚɡɦɟɪ ɷɥɟɦɟɧɬɚ ɫɬɪɭɤɬɭɪɵ ɦɢɤɪɨɭɪɨɜɧɹ ɫɨɫɬɚɜɥɹɟɬ  
50–100 ɦɤɦ, ɦɟɡɨɭɪɨɜɧɹ 100–1000 ɦɤɦ, ɦɚɤɪɨɭɪɨɜɧɹ – ɛɨɥɟɟ 1–10 ɦɦ. Ɇɧɨɝɨɭɪɨɜɧɟɜɨɟ 
ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɩɨɞɨɛɧɵɯ ɩɪɨɰɟɫɫɨɜ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɫɥɟɞɭɸɳɟɦ 
ɜɢɞɟ: ɩɨɪɨɲɨɤ ɦɚɬɟɪɢɚɥɚ ɩɨɞɜɟɪɝɚɟɬɫɹ ɜɨɡɞɟɣɫɬɜɢɸ ɜɵɫɨɤɨɢɧɬɟɧɫɢɜɧɨɝɨ ɦɨɧɨɯɪɨɦɚ-
ɬɢɱɟɫɤɨɝɨ ɤɨɝɟɪɟɧɬɧɨɝɨ ɢɡɥɭɱɟɧɢɹ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɤɨɬɨɪɨɝɨ ɦɚɬɟɪɢɚɥ ɩɪɟɬɟɪɩɟɜɚɟɬ ɮɚɡɨ-
ɜɵɟ ɩɪɟɜɪɚɳɟɧɢɹ ɢɫɩɚɪɟɧɢɹ ɢɥɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ (ɫɭɛɥɢɦɚɰɢɢ). Ɂɚɬɟɦ ɩɨɹɜɥɹɟɬɫɹ ɫɥɨɣ 
ɦɚɬɟɪɢɚɥɚ – ɬɪɟɤ, ɩɨɫɥɟ ɱɟɝɨ ɧɚɧɨɫɢɬɫɹ ɧɨɜɵɣ ɫɥɨɣ ɩɨɪɨɲɤɚ ɢ ɩɪɨɰɟɫɫ ɩɨɜɬɨɪɹɟɬɫɹ ɞɨ 
ɬɟɯ ɩɨɪ, ɩɨɤɚ ɧɟ ɛɭɞɟɬ ɩɨɥɭɱɟɧɚ ɞɟɬɚɥɶ ɬɪɟɛɭɟɦɵɯ ɪɚɡɦɟɪɨɜ. 

ɇɚ ɦɢɤɪɨɭɪɨɜɧɟ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɤɨɦɩɥɟɤɫɧɨ ɢɡɭɱɢɬɶ ɨɬɞɟɥɶɧɭɸ ɱɚɫɬɢɰɭ ɩɨ-
ɪɨɲɤɨɜɨɣ ɤɨɦɩɨɡɢɰɢɢ, ɩɪɢ ɷɬɨɦ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɤɨɪɪɟɤɬɧɨɫɬɶ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɩɢ-
ɫɚɧɢɹ ɮɢɡɢɱɟɫɤɨɣ ɦɨɞɟɥɢ, ɞɨɤɚɡɵɜɚɟɬɫɹ ɧɚɥɢɱɢɟ ɜɫɟɯ ɨɫɧɨɜɧɵɯ ɩɪɨɰɟɫɫɨɜ ɜɡɚɢɦɨɞɟɣ-
ɫɬɜɢɹ ɱɚɫɬɢɰɵ ɩɨɪɨɲɤɨɜɨɣ ɤɨɦɩɨɡɢɰɢɢ ɢ ɥɭɱɚ ɥɚɡɟɪɚ: ɩɥɚɜɥɟɧɢɟ; ɢɫɩɚɪɟɧɢɟ; ɞɜɢɠɟɧɢɟ 
ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ, ɨɛɭɫɥɨɜɥɟɧɧɨɟ ɪɚɫɬɟɤɚɧɢɟɦ ɠɢɞɤɨɣ ɮɚɡɵ. Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ 
ɨɫɧɨɜɵɜɚɟɬɫɹ ɧɚ ɭɪɚɜɧɟɧɢɹɯ ɫɨɯɪɚɧɟɧɢɹ ɦɚɫɫɵ, ɢɦɩɭɥɶɫɚ ɢ ɷɧɟɪɝɢɢ. ɀɢɞɤɢɣ ɪɚɫɩɥɚɜ 
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ɫɱɢɬɚɟɬɫɹ ɥɚɦɢɧɚɪɧɨɣ ɧɟɫɠɢɦɚɟɦɨɣ ɧɶɸɬɨɧɨɜɫɤɨɣ ɠɢɞɤɨɫɬɶɸ. ɉɥɨɬɧɨɫɬɶ ɷɧɟɪɝɢɢ ɜ 
ɩɹɬɧɟ ɥɭɱɚ ɥɚɡɟɪɚ ɩɨɞɱɢɧɹɟɬɫɹ ɪɚɫɩɪɟɞɟɥɟɧɢɸ Ƚɚɭɫɫɚ. ɇɚ ɨɫɧɨɜɟ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚ-
ɬɨɜ ɫɬɪɨɹɬɫɹ ɧɟɫɤɨɥɶɤɨ ɜɚɪɢɚɧɬɨɜ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɫɬɪɭɤɬɭɪɵ ɩɨɪɨɲɤɨɜɨɣ 
ɤɨɦɩɨɡɢɰɢɢ ɦɟɡɨɭɪɨɜɧɹ, ɨɬɥɢɱɚɸɳɢɟɫɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɨɣ ɢ ɩɥɨɬɧɨɫɬɶɸ ɭɩɚɤɨɜɤɢ ɱɚ-
ɫɬɢɰ. ɇɟɨɛɯɨɞɢɦɨ ɪɚɫɫɦɨɬɪɟɧɢɟ ɱɚɫɬɢɰ ɩɨɪɨɲɤɨɜɨɣ ɤɨɦɩɨɡɢɰɢɢ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɯ ɫɨ-
ɛɨɣ ɧɟ ɬɨɥɶɤɨ ɢɞɟɚɥɶɧɵɟ ɫɮɟɪɵ, ɱɬɨ ɜɵɩɨɥɧɹɥɨɫɶ ɪɚɡɥɢɱɧɵɦɢ ɚɜɬɨɪɫɤɢɦɢ ɤɨɥɥɟɤɬɢ-
ɜɚɦɢ, ɧɨ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɨɩɪɟɞɟɥɟɧɧɭɸ ɪɟɚɥɶɧɭɸ ɝɟɨɦɟɬɪɢɱɟɫɤɭɸ ɮɨɪɦɭ. ɋ ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɟɦ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ ɢɡɭɱɚɸɬɫɹ ɬɚɤɢɟ ɩɪɨɰɟɫɫɵ, ɤɚɤ ɫɨɪɛɰɢɹ ɷɧɟɪ-
ɝɢɢ ɩɭɱɤɚ ɥɚɡɟɪɚ ɫɥɨɟɦ ɩɨɪɨɲɤɨɜɨɣ ɤɨɦɩɨɡɢɰɢɢ; ɪɚɞɢɚɰɢɨɧɧɵɣ ɬɟɩɥɨɩɟɪɟɧɨɫ ɦɟɠɞɭ 
ɱɚɫɬɢɰɚɦɢ, ɢɯ ɫɩɟɤɚɧɢɟ ɢ ɫɩɥɚɜɥɟɧɢɟ; ɭɫɚɞɤɚ ɠɢɞɤɨɣ ɜɚɧɧɵ ɪɚɫɩɥɚɜɚ, ɨɛɭɫɥɨɜɥɟɧɧɚɹ 
ɫɩɥɚɜɥɟɧɢɟɦ. Ⱦɜɢɠɟɧɢɟ ɠɢɞɤɨɝɨ ɪɚɫɩɥɚɜɚ ɡɚɜɢɫɢɬ ɨɬ ɷɮɮɟɤɬɚ Ɇɚɪɚɧɝɨɧɢ ɢ ɤɨɧɜɟɤɰɢɢ. 
ɉɪɢ ɪɚɫɱɟɬɟ ɪɚɞɢɚɰɢɨɧɧɨɝɨ ɬɟɩɥɨɩɟɪɟɧɨɫɚ ɜ ɫɥɨɟ ɩɨɪɢɫɬɨɝɨ ɦɚɬɟɪɢɚɥɚ ɩɨɪɨɲɤɨɜɨɣ 
ɤɨɦɩɨɡɢɰɢɢ, ɩɨɥɭɩɪɨɡɪɚɱɧɨɦ ɞɥɹ ɢɡɥɭɱɟɧɢɹ ɥɚɡɟɪɚ, ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɪɢɛɥɢɠɟɧɢɟ Ɋɨɫɫɟ-
ɥɚɧɞɚ ɞɥɹ ɨɩɬɢɱɟɫɤɢ ɩɥɨɬɧɨɣ ɫɪɟɞɵ. ɉɪɢ ɨɩɢɫɚɧɢɢ ɪɚɞɢɚɰɢɨɧɧɨɝɨ ɬɟɩɥɨɩɟɪɟɧɨɫɚ ɩɨ-
ɪɢɫɬɚɹ ɩɨɪɨɲɤɨɜɚɹ ɤɨɦɩɨɡɢɰɢɹ ɫɱɢɬɚɟɬɫɹ ɡɚɦɤɧɭɬɨɣ ɫɢɫɬɟɦɨɣ ɞɢɮɮɭɡɧɨ-ɫɟɪɵɯ ɬɟɥ. 

Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɪɨɜɨɞɢɬɶ ɞɥɹ ɬɨɱɟɱɧɨɝɨ ɜɨɡ-
ɞɟɣɫɬɜɢɹ ɥɚɡɟɪɚ, ɫɥɨɹ ɨɞɧɨɝɨ ɬɪɟɤɚ ɢ ɫɥɨɹ ɧɟɫɤɨɥɶɤɢɯ ɩɚɪɚɥɥɟɥɶɧɵɯ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸ-
ɳɢɯ ɞɪɭɝ ɫ ɞɪɭɝɨɦ ɬɪɟɤɨɜ. ȼɫɟ ɷɬɢ ɷɮɮɟɤɬɵ ɡɚɤɥɸɱɚɸɬɫɹ ɜ ɨɩɪɟɞɟɥɟɧɧɵɯ ɷɮɮɟɤɬɢɜɧɵɯ 
ɩɚɪɚɦɟɬɪɚɯ, ɡɚɜɢɫɹɳɢɯ ɨɬ ɩɪɢɪɨɞɵ ɢ ɮɪɚɤɰɢɨɧɧɨɝɨ ɫɨɫɬɚɜɚ ɩɨɪɨɲɤɨɜɨɣ ɤɨɦɩɨɡɢɰɢɢ, 
ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɢ ɩɚɪɚɦɟɬɪɨɜ ɥɚɡɟɪɧɨɝɨ ɥɭɱɚ. Ɉɩɪɟɞɟɥɟɧɢɟ ɷɮɮɟɤɬɢɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ 
ɩɪɨɜɨɞɢɬɫɹ ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɢ ɚɧɚɥɢɡɟ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɢ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ 
ɥɚɛɨɪɚɬɨɪɧɵɯ ɨɛɪɚɡɰɨɜ, ɢɡɝɨɬɨɜɥɟɧɧɵɯ ɩɪɢ ɬɨɱɟɱɧɨɦ ɫɩɟɤɚɧɢɢ, ɚ ɬɚɤɠɟ ɩɪɢ ɫɩɟɤɚɧɢɢ 
ɜ ɜɢɞɟ ɨɞɧɨɝɨ ɢɥɢ ɧɟɫɤɨɥɶɤɢɯ ɬɪɟɤɨɜ. 

Ȼɨɥɶɲɚɹ ɱɚɫɬɶ ɷɧɟɪɝɢɢ ɥɚɡɟɪɧɨɝɨ ɢɡɥɭɱɟɧɢɹ ɩɨɝɥɨɳɚɟɬɫɹ ɜ ɰɟɧɬɪɟ ɥɚɡɟɪɧɨɝɨ 
ɩɹɬɧɚ. ɉɥɨɬɧɨɫɬɶ ɷɧɟɪɝɢɢ ɥɚɡɟɪɧɨɝɨ ɢɡɥɭɱɟɧɢɹ ɞɨɫɬɚɬɨɱɧɨ ɜɟɥɢɤɚ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ 
ɱɚɫɬɶ ɦɟɬɚɥɥɚ ɢɫɩɚɪɹɥɚɫɶ, ɚ ɩɚɪɵ ɫɨɡɞɚɜɚɥɢ ɫɢɥɭ ɪɟɚɤɬɢɜɧɨɣ ɨɬɞɚɱɢ. ȼɨɡɧɢɤɚɟɬ ɦɨɳ-
ɧɚɹ ɰɢɪɤɭɥɹɰɢɹ ɠɢɞɤɨɝɨ ɦɟɬɚɥɥɚ, ɭɩɪɚɜɥɹɟɦɚɹ ɫɢɥɚɦɢ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ, ɷɮ-
ɮɟɤɬɨɦ Ɇɚɪɚɧɝɨɧɢ, ɫɢɥɚɦɢ Ⱥɪɯɢɦɟɞɚ, ɫɢɥɨɣ ɬɹɠɟɫɬɢ ɢ ɪɟɚɤɬɢɜɧɨɣ ɫɢɥɨɣ ɨɬɞɚɱɢ ɢɫɩɚ-
ɪɹɸɳɟɝɨɫɹ ɦɟɬɚɥɥɚ. ȼ ɰɟɧɬɪɟ ɥɚɡɟɪɧɨɝɨ ɩɹɬɧɚ ɜɨɡɧɢɤɚɟɬ ɞɚɜɥɟɧɢɟ ɨɬɞɚɱɢ, ɤɨɬɨɪɨɟ ɬɨɥ-
ɤɚɟɬ ɰɟɧɬɪɚɥɶɧɭɸ ɨɛɥɚɫɬɶ ɦɟɬɚɥɥɚ, ɧɚɯɨɞɹɳɭɸɫɹ ɜ ɥɚɡɟɪɧɨɦ ɩɹɬɧɟ, ɜɧɢɡ. ɂɫɩɚɪɟɧɢɟ 
ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɛɵɫɬɪɨɦɭ ɨɯɥɚɠɞɟɧɢɸ ɩɨɜɟɪɯɧɨɫɬɢ ɜɚɧɧɵ ɪɚɫɩɥɚɜɚ ɢ ɩɨɹɜɥɟɧɢɸ 
ɬɟɩɥɨɜɨɝɨ ɝɪɚɞɢɟɧɬɚ Дβ0Ж. Ɉɬɦɟɱɚɟɬɫɹ ɬɚɤɠɟ, ɱɬɨ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɪɚɫɩɥɚɜɚ ɩɪɢ ɧɢɡɤɨɣ 
ɢ ɜɵɫɨɤɨɣ ɫɤɨɪɨɫɬɹɯ ɫɤɚɧɢɪɨɜɚɧɢɹ ɥɭɱɚ ɨɬɥɢɱɚɸɬɫɹ. ɉɪɢ ɛɨɥɶɲɢɯ ɫɤɨɪɨɫɬɹɯ ɨɯɥɚɠɞɟ-
ɧɢɹ ɢɡɦɟɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɢɦɟɟɬ ɦɨɧɨɬɨɧɧɵɣ ɯɚɪɚɤɬɟɪ, ɩɪɢ ɦɚɥɵɯ – ɫɧɢɠɟɧɢɟ ɬɟɦ-
ɩɟɪɚɬɭɪɵ ɧɟ ɦɨɧɨɬɨɧɧɨ. ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɜɵɞɟɥɟɧɢɟɦ ɫɤɪɵɬɨɣ ɬɟɩɥɨɬɵ ɩɪɢ ɤɪɢɫɬɚɥɥɢɡɚ-
ɰɢɢ: ɧɟɫɭɳɟɫɬɜɟɧɧɵɦ ɜ ɩɟɪɜɨɦ ɫɥɭɱɚɟ ɢ ɜɩɨɥɧɟ ɡɚɦɟɬɧɵɦ ‒ ɜɨ ɜɬɨɪɨɦ [21]. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɨɛɨɛɳɟɧɧɚɹ ɦɢɤɪɨɭɪɨɜɧɟɜɚɹ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ, ɩɨɧɢ-
ɦɚɧɢɟ ɤɨɬɨɪɨɣ ɫɥɨɠɢɥɨɫɶ ɜ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ ɥɢɬɟɪɚɬɭɪɟ, ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɢ-
ɫɬɟɦɭ ɭɪɚɜɧɟɧɢɣ ɝɢɞɪɨɞɢɧɚɦɢɤɢ ɦɧɨɝɨɮɚɡɧɨɣ ɫɪɟɞɵ, ɞɨɩɨɥɧɟɧɧɭɸ ɨɩɢɫɚɧɢɟɦ ɮɚɡɨ-
ɜɵɯ ɩɟɪɟɯɨɞɨɜ ɢ ɥɭɱɢɫɬɨɝɨ ɬɟɩɥɨɨɛɦɟɧɚ, ɫ ɭɱɟɬɨɦ ɩɨɝɥɨɳɟɧɢɹ ɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɥɚ-
ɡɟɪɧɨɝɨ ɢɡɥɭɱɟɧɢɹ ɢ ɢɫɩɚɪɟɧɢɹ ɱɚɫɬɢɰ. Ⱦɥɹ ɨɩɢɫɚɧɢɹ ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ ɮɚɡ ɩɪɢɦɟɧɹɟɬɫɹ 
ɦɨɞɟɥɶ ɦɧɨɝɨɮɚɡɧɨɣ ɠɢɞɤɨɫɬɢ, ɨɫɧɨɜɚɧɧɚɹ ɧɚ ɡɚɤɨɧɚɯ ɫɨɯɪɚɧɟɧɢɹ ɦɚɫɫɵ, ɢɦɩɭɥɶɫɚ, 
ɷɧɟɪɝɢɢ ɢ ɨɛɴɟɦɚ ɠɢɞɤɨɫɬɢ Д15Ж. 

 
Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɩɨɞɜɢɠɧɵɯ ɝɪɚɧɢɰ 

ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɨɰɟɫɫɨɜ, ɫɜɹɡɚɧɧɵɯ ɫ ɢɡɦɟɧɟ-
ɧɢɟɦ ɫɬɪɭɤɬɭɪɧɨ-ɮɚɡɨɜɨɝɨ ɫɨɫɬɨɹɧɢɹ ɢɫɯɨɞɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɜɚɠɧɵɦ ɷɬɚɩɨɦ ɹɜɥɹɟɬɫɹ ɩɪɟ-
ɨɛɪɚɡɨɜɚɧɢɟ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɮɨɪɦɵ ɪɚɫɱɟɬɧɨɣ ɨɛɥɚɫɬɢ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɩɪɢ ɦɨɞɟɥɢɪɨɜɚ-
ɧɢɢ ɦɟɬɨɞɚ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ ɩɨɡɜɨɥɹɟɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɬɚɤɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ  
ɜ ɩɪɟɞɟɥɚɯ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɛɨɥɶɲɨɝɨ ɨɛɴɟɦɚ – ɤɨɧɟɱɧɨɝɨ ɷɥɟɦɟɧɬɚ. ɋɭɳɟɫɬɜɭɟɬ ɞɜɚ 
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ɨɫɧɨɜɧɵɯ ɦɟɬɨɞɚ, ɩɪɢɦɟɧɹɟɦɵɯ ɩɪɢ ɪɚɫɱɟɬɟ ɷɜɨɥɸɰɢɢ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɩɨ-
ɪɨɲɤɨɜɵɯ ɤɨɦɩɨɡɢɰɢɣ: ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɨɫɬɨɹɧɧɵɯ ɢ ɩɟɪɟɦɟɧɧɵɯ ɤɨɧɟɱɧɨ-
ɷɥɟɦɟɧɬɧɵɯ ɫɟɬɨɤ. ɉɪɢ ɪɟɚɥɢɡɚɰɢɢ ɩɟɪɜɨɝɨ ɦɟɬɨɞɚ ɤɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɚɹ ɫɟɬɤɚ ɹɜɥɹɟɬɫɹ 
ɧɟɢɡɦɟɧɧɨɣ, ɩɪɢ ɷɬɨɦ ɩɨɞɜɢɠɧɚɹ ɝɪɚɧɢɰɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɦɟɬɨɞɨɦ ɨɬɫɥɟɠɢɜɚɧɢɹ ɝɪɚɧɢ-
ɰɵ ɪɚɡɞɟɥɚ ɮɚɡ (ɦɟɬɨɞ ɨɛɴɟɦɚ ɠɢɞɤɨɫɬɢ) ДββЖ. ɋɭɬɶ ɦɟɬɨɞɚ ɫɨɫɬɨɢɬ ɜ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɦ 
ɚɧɚɥɢɡɟ ɷɜɨɥɸɰɢɢ ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ ɮɚɡ, ɨɞɧɚɤɨ ɬɨɱɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɟɟ ɩɨɥɨɠɟɧɢɹ 
ɫɨɫɬɚɜɥɹɟɬ ɪɚɡɦɟɪ ɨɞɧɨɝɨ ɤɨɧɟɱɧɨɝɨ ɷɥɟɦɟɧɬɚ. ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɚɬɟɪɢɚɥɨɜ ɜ ɩɪɟɞɟɥɚɯ 
ɤɨɧɟɱɧɨɝɨ ɷɥɟɦɟɧɬɚ ɢɡɦɟɧɹɸɬɫɹ ɩɨ ɥɢɧɟɣɧɨɦɭ ɡɚɤɨɧɭ ɢɥɢ ɩɨɞɱɢɧɹɸɬɫɹ ɩɪɚɜɢɥɭ ɫɦɟɫɢ. 
Ɇɟɬɨɞ ɩɨɡɜɨɥɹɟɬ ɩɪɨɜɨɞɢɬɶ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɫ ɜɨɡɧɢɤɧɨɜɟɧɢɟɦ ɦɧɨɠɟɫɬɜɚ ɧɨɜɵɯ ɢ ɭɞɚ-
ɥɟɧɢɹ ɫɬɚɪɵɯ ɮɚɡ. ɗɬɨ ɜɟɞɟɬ ɤ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɦɟɥɤɨɝɨ ɪɚɡɛɢɟɧɢɹ ɧɚ ɤɨɧɟɱɧɵɟ ɷɥɟɦɟɧ-
ɬɵ ɜɫɟɣ ɪɚɫɱɟɬɧɨɣ ɨɛɥɚɫɬɢ, ɱɬɨ ɧɟɝɚɬɢɜɧɨ ɨɬɪɚɠɚɟɬɫɹ ɧɚ ɜɪɟɦɟɧɢ ɩɪɨɜɟɞɟɧɢɹ ɪɚɫɱɟɬɨɜ. 
Ⱥɥɶɬɟɪɧɚɬɢɜɧɵɦ ɦɟɬɨɞɨɦ ɹɜɥɹɟɬɫɹ ɦɟɥɤɨɟ ɪɚɡɛɢɟɧɢɟ ɬɨɥɶɤɨ ɨɛɥɚɫɬɢ, ɜ ɤɨɬɨɪɨɣ ɦɨɝɭɬ 
ɧɚɛɥɸɞɚɬɶɫɹ ɮɚɡɨɜɵɟ ɩɪɟɜɪɚɳɟɧɢɹ ɫ ɢɡɦɟɧɟɧɢɟɦ ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ 
ɨɬɧɨɫɢɬɟɥɶɧɭɸ ɩɪɨɫɬɨɬɭ ɩɪɨɝɪɚɦɦɧɨɣ ɪɟɚɥɢɡɚɰɢɢ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ. ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 
ɚɞɚɩɬɢɜɧɵɯ ɫɟɬɨɤ (ɪɟɦɟɲɢɧɝ – ɨɬ ɫɥɨɜɚ remeshing) ɩɪɨɢɫɯɨɞɢɬ ɩɟɪɟɫɬɪɨɟɧɢɟ ɤɨɧɟɱɧɨ-
ɷɥɟɦɟɧɬɧɨɣ ɫɟɬɤɢ ɜ ɥɨɤɚɥɶɧɨɣ ɨɛɥɚɫɬɢ ɩɨ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɨɩɪɟɞɟɥɟɧɧɨɦɭ ɡɚɤɨɧɭ. Ɍɨɱ-
ɧɨɫɬɶ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨɞɜɢɠɧɨɣ ɝɪɚɧɢɰɵ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɝɨɪɚɡɞɨ ɜɵɲɟ, ɨɞɧɚɤɨ ɜɨɡɧɢ-
ɤɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɪɚɫɱɟɬɚ ɧɨɜɵɯ ɤɨɨɪɞɢɧɚɬ ɭɡɥɨɜ ɢ ɫɜɹɡɚɧɧɵɯ ɫ ɷɬɢɦ ɜɵɱɢɫɥɟɧɢɣ ɧɚ 
ɤɚɠɞɨɣ ɢɬɟɪɚɰɢɢ, ɱɬɨ ɨɩɹɬɶ ɠɟ ɫɤɚɡɵɜɚɟɬɫɹ ɧɚ ɜɪɟɦɟɧɢ ɩɪɨɜɟɞɟɧɢɹ ɪɚɫɱɟɬɨɜ. 

ɇɚɢɛɨɥɟɟ ɩɨɞɯɨɞɹɳɟɣ ɞɥɹ ɨɩɢɫɚɧɢɹ ɬɟɩɥɨ- ɢ ɦɚɫɫɨɩɟɪɟɧɨɫɚ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ 
ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɩɨɪɨɲɤɨɜɨɣ ɤɨɦɩɨɡɢɰɢɢ ɹɜɥɹɟɬɫɹ ɬɪɟɯɦɟɪɧɚɹ ɦɨɞɟɥɶ ɞɥɹ ɨɩɢ-
ɫɚɧɢɹ ɩɪɨɰɟɫɫɨɜ ɩɪɢ ɥɚɡɟɪɧɨɣ ɧɚɩɥɚɜɤɟ, ɜɤɥɸɱɚɸɳɚɹ ɩɨɝɥɨɳɟɧɢɟ ɬɟɩɥɚ, ɩɥɚɜɥɟɧɢɟ, 
ɤɪɢɫɬɚɥɥɢɡɚɰɢɸ, ɬɟɩɥɨ- ɢ ɦɚɫɫɨɩɟɪɟɧɨɫ ɱɚɫɬɢɰɚɦɢ, ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫ ɥɭɱɨɦ ɥɚɡɟɪɚ ɢ 
ɢɡɦɟɧɟɧɢɟ ɫɜɨɛɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɡɞɟɥɚ «ɠɢɞɤɨɫɬɶ–ɝɚɡ». Ɏɚɡɨɜɵɟ ɩɪɟɜɪɚɳɟɧɢɹ 
ɨɩɢɫɵɜɚɸɬ ɭɪɚɜɧɟɧɢɹɦɢ ɧɟɪɚɜɧɨɜɟɫɧɨɣ ɤɢɧɟɬɢɤɢ, ɨɫɧɨɜɚɧɧɵɦɢ ɧɚ ɡɚɜɢɫɢɦɨɫɬɢ ɏɨɥ-
ɦɨɝɨɪɨɜɚ–Ⱥɜɪɚɦɢ, ɪɟɲɚɟɦɨɣ ɧɟɹɜɧɵɦ ɫɩɨɫɨɛɨɦ. ɗɧɟɪɝɢɹ ɥɚɡɟɪɚ ɩɨɝɥɨɳɚɟɬɫɹ ɧɚ ɝɪɚ-
ɧɢɰɟ ɪɚɡɞɟɥɚ «ɦɟɬɚɥɥ–ɝɚɡ» – ɭɱɢɬɵɜɚɸɬɫɹ ɪɚɞɢɚɰɢɨɧɧɵɣ ɬɟɩɥɨɩɟɪɟɧɨɫ ɜ ɨɤɪɭɠɚɸɳɭɸ 
ɫɪɟɞɭ ɢ ɤɨɧɜɟɤɬɢɜɧɵɣ ɬɟɩɥɨɨɛɦɟɧ ɦɟɠɞɭ ɱɚɫɬɢɰɚɦɢ, ɚ ɬɚɤɠɟ ɩɨɬɟɪɹ ɬɟɩɥɨɬɵ ɡɚ ɫɱɟɬ 
ɢɫɩɚɪɟɧɢɹ. ɉɪɢ ɱɢɫɥɟɧɧɨɦ ɪɟɲɟɧɢɢ ɡɚɞɚɱɢ ɜ ɩɪɨɝɪɚɦɦɟ CШЦsШХ ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɟɪɟ-
ɫɬɪɨɟɧɢɟ ɫɟɬɤɢ (ɪɟɦɟɲɢɧɝ) ДβγЖ. Ɉɞɧɚɤɨ ɜ ɧɟɣ ɧɟɬ ɡɚɜɢɫɢɦɨɫɬɢ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ 
ɫɜɨɣɫɬɜ ɨɬ ɜɪɟɦɟɧɢ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ ɩɨɪɨɲɤɚ ɢ ɭɬɨɱɧɟɧɧɨɣ ɦɨɞɟɥɢ ɪɚɞɢɚɰɢɨɧɧɨɝɨ 
ɬɟɩɥɨɩɟɪɟɧɨɫɚ, ɭɱɢɬɵɜɚɸɳɟɣ ɢɡɦɟɧɟɧɢɟ ɦɨɪɮɨɥɨɝɢɢ ɩɨɪɨɲɤɚ ɩɪɢ ɟɝɨ ɫɩɟɤɚɧɢɢ.  

ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɧɟɨɛɯɨɞɢɦ ɧɚɛɨɪ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ – ɫɜɨɣɫɬɜ ɢ 
ɩɚɪɚɦɟɬɪɨɜ ɦɚɬɟɪɢɚɥɚ. Ʉ ɨɫɧɨɜɧɵɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɨɬɧɨɫɹɬɫɹ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɟ, ɨɩ-
ɬɢɱɟɫɤɢɟ ɢ ɤɢɧɟɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ, ɨɩɪɟɞɟɥɹɟɦɵɟ, ɤɚɤ ɩɪɚɜɢɥɨ, ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ 
ɦɟɬɨɞɚɦɢ ɧɚ ɥɚɛɨɪɚɬɨɪɧɵɯ ɭɫɬɚɧɨɜɤɚɯ. Ɉɩɢɫɚɧɢɟ ɩɪɨɰɟɫɫɨɜ ɬɟɩɥɨɩɟɪɟɧɨɫɚ ɧɟɜɨɡɦɨɠ-
ɧɨ ɛɟɡ ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɟɩɥɨɟɦɤɨɫɬɢ, ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɢ ɩɥɨɬɧɨɫɬɢ ɤɚɤ ɢɫɯɨɞɧɵɯ ɦɚ-
ɬɟɪɢɚɥɨɜ, ɬɚɤ ɢ ɦɚɬɟɪɢɚɥɨɜ ɨɞɧɨɝɨ ɬɪɟɤɚ ɢ ɫɟɪɢɢ ɬɪɟɤɨɜ. Ⱦɥɹ ɢɯ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɢɦɟ-
ɧɹɸɬɫɹ ɲɢɪɨɤɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɟ ɦɟɬɨɞɵ: ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɫɤɚɧɢɪɭɸɳɟɣ ɤɚɥɨɪɢ-
ɦɟɬɪɢɢ Дβ4Ж, ɥɚɡɟɪɧɨɣ ɜɫɩɵɲɤɢ Дβ5Ж, ɝɚɡɨɜɨɣ ɩɢɤɧɨɦɟɬɪɢɢ ɢ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɜɡɜɟ-
ɲɢɜɚɧɢɹ Дβ6Ж. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ ɬɚɤɠɟ, ɱɬɨ ɛɵɥɢ ɩɪɟɞɩɪɢɧɹɬɵ ɩɨɩɵɬɤɢ ɩɨɥɭɱɢɬɶ ɧɚ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɦ ɨɛɨɪɭɞɨɜɚɧɢɢ ɫɪɟɞɧɸɸ ɬɟɦɩɟɪɚɬɭɪɭ ɩɨɪɨɲɤɚ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ 
ɤɪɚɬɤɨɜɪɟɦɟɧɧɨɝɨ ɥɚɡɟɪɧɨɝɨ ɢɡɥɭɱɟɧɢɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɛɥɢɡɤɢɯ ɤ ɬɟɦɩɟɪɚɬɭɪɚɦ 
ɩɟɪɟɪɚɛɨɬɤɢ. Ɋɚɡɧɢɰɚ ɫɨɫɬɚɜɢɥɚ з100 °ɋ Дβ7Ж. 

 
Ɂɚɤɥɸɱɟɧɢɹ 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ, ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ 
ɨɩɢɫɚɧɢɹ ɩɪɨɰɟɫɫɨɜ ɬɟɩɥɨ- ɢ ɦɚɫɫɨɩɟɪɟɧɨɫɚ ɜ ɩɨɪɨɲɤɨɜɨɣ ɤɨɦɩɨɡɢɰɢɢ ɩɪɢ ɜɨɡɞɟɣ-
ɫɬɜɢɢ ɜɵɫɨɤɨɢɧɬɟɧɫɢɜɧɨɝɨ ɦɨɧɨɯɪɨɦɚɬɢɱɟɫɤɨɝɨ ɤɨɝɟɪɟɧɬɧɨɝɨ ɢɡɥɭɱɟɧɢɹ. ɍɫɬɚɧɨɜɥɟɧɨ, 
ɱɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɨɞɯɨɞɨɜ ɦɧɨɝɨɦɚɫɲɬɚɛɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨɡɜɨɥɢɬ ɫɨɤɪɚɬɢɬɶ 
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ɨɛɴɟɦ ɞɚɧɧɵɯ ɢ ɦɚɲɢɧɧɨɟ ɜɪɟɦɹ ɞɥɹ ɪɚɫɱɟɬɚ ɬɟɩɥɨɜɨɣ ɡɚɞɚɱɢ. Ⱥɞɚɩɬɚɰɢɹ ɤɨɧɟɱɧɨ-
ɷɥɟɦɟɧɬɧɨɣ ɫɟɬɤɢ ɫ ɢɡɦɟɧɹɟɦɵɦɢ ɝɪɚɧɢɱɧɵɦɢ ɭɫɥɨɜɢɹɦɢ ɛɭɞɟɬ ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ ɩɨɜɵ-
ɲɟɧɢɸ ɬɨɱɧɨɫɬɢ ɪɚɫɱɟɬɚ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɩɨɥɟɣ ɧɚ ɦɢɤɪɨɭɪɨɜɧɟ, ɚ ɩɪɢ ɩɟɪɟɫɬɪɨɟɧɢɢ ɫɟɬ-
ɤɢ ɧɚ ɦɟɡɨ- ɢ ɦɚɤɪɨɭɪɨɜɧɹɯ ɦɟɬɨɞɨɦ ɩɪɨɞɜɢɝɚɟɦɨɝɨ ɮɪɨɧɬɚ ɩɨɡɜɨɥɢɬ ɩɨɥɭɱɢɬɶ ɟɟ ɤɨɧ-
ɮɨɪɦɧɨɣ. ɍɬɨɱɧɟɧɧɵɟ ɦɨɞɟɥɢ ɪɚɫɱɟɬɚ, ɩɨɡɜɨɥɹɸɳɢɟ ɨɰɟɧɢɜɚɬɶ ɢɡɦɟɧɟɧɢɟ ɬɟɪɦɢɱɟɫɤɨɝɨ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɧɚ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ «ɬɜɟɪɞɨɟ ɬɟɥɨ/ɱɚɫɬɢɰɚ ɩɨɪɨɲɤɚ», ɪɚɞɢɚɰɢɨɧɧɨɝɨ ɬɟɩ-
ɥɨɨɛɦɟɧɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɨɪɢɫɬɨɫɬɢ ɦɚɬɟɪɢɚɥɚ ɢ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
(ɬɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ/ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɷɧɬɚɥɶɩɢɢ ɩɟɪɟɯɨɞɨɜ «ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɚɹ ɮɚ-
ɡɚ/ɝɚɡ» ɢ «ɬɜɟɪɞɨɟ ɬɟɥɨ/ɠɢɞɤɨɫɬɶ»), ɨɩɪɟɞɟɥɟɧɧɵɯ ɦɟɬɨɞɨɦ ɫɜɟɪɯɛɵɫɬɪɨɣ ɤɚɥɨɪɢɦɟɬɪɢɢ, 
ɛɭɞɭɬ ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ ɩɟɪɟɯɨɞɭ ɤ ɩɟɪɟɞɨɜɵɦ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɦ ɬɟɯɧɨɥɨɝɢɹɦ. 
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Abstract. The results of studies of the effect of conditions of the tropical dry and humid cli-
mate of North America on the change in the physical and mechanical properties, microstructure 
and electrochemical properties of a coating system based on fluoro-polyurethane enamel in 
comparison with a coating system based on epoxy enamel after full-scale tests are presented. It 
was found that in a tropical humid climate, a higher rate of fall of the decorative, physical-
mechanical and protective properties of the systems of the considered paint-and-varnish coat-
ings is observed, regardless of the chemical nature of the enamel, than in a dry tropical climate. 

Keywords: paints and coatings materials, fluoropolyurethane enamel, atmospheric  
resistance, water absorption, climatic tests, tropical climat 
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ȼɜɟɞɟɧɢɟ 
ɇɟɨɛɯɨɞɢɦɵɦ ɭɫɥɨɜɢɟɦ ɩɪɢɦɟɧɟɧɢɹ ɧɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ ɜ ɤɨɧɫɬɪɭɤɰɢɹɯ ɢ ɭɡɥɚɯ 

ɢɡɞɟɥɢɣ ɚɜɢɚɰɢɨɧɧɨɣ ɬɟɯɧɢɤɢ ɹɜɥɹɟɬɫɹ ɢɯ ɫɩɨɫɨɛɧɨɫɬɶ ɫɨɯɪɚɧɹɬɶ ɫɜɨɢ ɫɜɨɣɫɬɜɚ ɜ ɩɪɨ-
ɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɧɚɢɛɨɥɟɟ ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɬɟɯɧɢɱɟɫɤɨɟ ɫɨ-
ɫɬɨɹɧɢɟ ɢɡɞɟɥɢɣ ɨɤɚɡɵɜɚɟɬ ɧɟ ɦɟɯɚɧɢɱɟɫɤɢɣ ɢɡɧɨɫ ɞɟɬɚɥɟɣ, ɚ ɩɪɨɰɟɫɫɵ ɤɨɪɪɨɡɢɢ ɢ ɫɬɚ-
ɪɟɧɢɹ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɩɨɞ ɫɨɜɦɟɫɬɧɵɦ ɜɨɡɞɟɣɫɬɜɢɟɦ ɮɚɤɬɨɪɨɜ ɨɤɪɭɠɚ-
ɸɳɟɣ ɫɪɟɞɵ: ɬɟɦɩɟɪɚɬɭɪɵ, ɜɥɚɠɧɨɫɬɢ, ɫɨɥɧɟɱɧɨɣ ɪɚɞɢɚɰɢɢ ɢ ɞɪ. Д1–4Ж. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ 
ɞɥɹ ɡɚɳɢɬɵ ɜɧɟɲɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɜɨɡɞɭɲɧɨɝɨ ɫɭɞɧɚ ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɤɨɦ-
ɩɥɟɤɫɧɵɟ ɫɢɫɬɟɦɵ ɡɚɳɢɬɵ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɥɚɤɨɤɪɚɫɨɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢ ɧɟɨɪɝɚɧɢɱɟ-
ɫɤɢɯ ɩɨɤɪɵɬɢɣ.  

ȼɥɢɹɧɢɟ ɬɪɨɩɢɱɟɫɤɨɝɨ ɤɥɢɦɚɬɚ ɧɚ ɢɡɦɟɧɟɧɢɟ ɫɜɨɣɫɬɜ ɦɚɬɟɪɢɚɥɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ 
ɥɚɤɨɤɪɚɫɨɱɧɵɯ ɩɨɤɪɵɬɢɣ (ɅɄɉ), ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɚɝɪɟɫɫɢɜɧɵɦ, ɱɬɨ ɫɤɚɡɵɜɚɟɬɫɹ ɧɚ 
ɭɫɤɨɪɟɧɢɢ ɩɪɨɰɟɫɫɨɜ ɫɬɚɪɟɧɢɹ ɢ ɪɚɡɪɭɲɟɧɢɹ ɦɚɬɟɪɢɚɥɨɜ Д5Ж. ȼ ɭɫɥɨɜɢɹɯ ɩɨɜɵɲɟɧɧɨɣ 
ɜɥɚɠɧɨɫɬɢ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɫɤɨɪɨɫɬɶ ɪɚɡɜɢɬɢɹ ɤɨɪɪɨɡɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ ɭɜɟɥɢɱɢɜɚɟɬɫɹ 
Д6Ж. ɂɧɬɟɧɫɢɜɧɨɫɬɶ ɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɜɨɡɞɟɣɫɬɜɢɹ ɫɨɥɧɟɱɧɨɝɨ ɢɡɥɭɱɟɧɢɹ ɜ ɭɫɥɨɜɢɹɯ 
ɬɪɨɩɢɱɟɫɤɨɝɨ ɤɥɢɦɚɬɚ ɜɵɡɵɜɚɸɬ ɭɫɤɨɪɟɧɢɟ ɮɨɬɨɯɢɦɢɱɟɫɤɨɣ ɞɟɫɬɪɭɤɰɢɢ ɩɥɟɧɤɨɨɛɪɚ-
ɡɭɸɳɟɝɨ, ɬɟɦ ɫɚɦɵɦ ɫɧɢɠɚɹ ɞɟɤɨɪɚɬɢɜɧɵɟ ɢ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɧɚ ɧɚɱɚɥɶ-
ɧɨɦ ɷɬɚɩɟ ɫɬɚɪɟɧɢɹ ɅɄɉ, ɚ ɜ ɞɚɥɶɧɟɣɲɟɦ ɩɪɢɜɟɞɭɬ ɤ ɩɨɬɟɪɟ ɢɯ ɡɚɳɢɬɧɵɯ ɮɭɧɤɰɢɣ Д7Ж. 
ɍɜɟɥɢɱɟɧɢɟ ɜɥɚɝɨɩɪɨɧɢɰɚɟɦɨɫɬɢ ɬɚɤɠɟ ɫɧɢɠɚɟɬ ɡɚɳɢɬɧɵɟ ɫɜɨɣɫɬɜɚ ɩɨɤɪɵɬɢɣ ɢ, ɫɨɨɬ-
ɜɟɬɫɬɜɟɧɧɨ, ɭɦɟɧɶɲɚɟɬ ɫɪɨɤ ɫɥɭɠɛɵ ɅɄɉ.  

ɉɨɷɬɨɦɭ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɜ ɭɫɥɨɜɢɹɯ ɬɪɨɩɢɱɟɫɤɨɝɨ ɤɥɢɦɚɬɚ ɤ ɅɄɉ ɩɪɟɞɴɹɜɥɹ-
ɸɬɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɬɪɟɛɨɜɚɧɢɹ: ɧɢɡɤɨɟ ɜɨɞɨɩɨɝɥɨɳɟɧɢɟ, ɜɵɫɨɤɚɹ ɬɜɟɪɞɨɫɬɶ ɢ ɚɞɝɟ-
ɡɢɹ ɤɚɤ ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ, ɬɚɤ ɢ ɜ ɭɫɥɨɜɢɹɯ ɜɨɡɞɟɣɫɬɜɢɹ ɩɨɜɵɲɟɧɧɨɣ ɜɥɚɠɧɨɫɬɢ. 
Ʉɪɨɦɟ ɬɨɝɨ, ɩɨɤɪɵɜɧɨɣ ɫɥɨɣ ɫɢɫɬɟɦɵ ɅɄɉ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɜ ɭɫɥɨɜɢɹɯ ɨɬɤɪɵɬɨɣ ɚɬ-
ɦɨɫɮɟɪɵ ɞɨɥɠɟɧ ɛɵɬɶ ɫɬɨɣɤɢɦ ɤ ɜɨɡɞɟɣɫɬɜɢɸ ɫɨɥɧɟɱɧɨɝɨ ɢɡɥɭɱɟɧɢɹ ɢ ɞɪɭɝɢɦ ɜɧɟɲ-
ɧɢɦ ɮɚɤɬɨɪɚɦ ДκЖ.  

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɧɚɢɛɨɥɟɟ ɞɨɫɬɨɜɟɪɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɨ ɜɥɢɹɧɢɢ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɮɚɤ-
ɬɨɪɨɜ ɧɚ ɩɨɤɚɡɚɬɟɥɢ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɢ ɫɨɯɪɚɧɹɟɦɨɫɬɢ ɫɜɨɣɫɬɜ ɦɚɬɟɪɢɚɥɨɜ ɩɨɥɭɱɚɸɬ 
ɩɪɢ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɢɫɩɵɬɚɧɢɹɯ ɦɚɬɟɪɢɚɥɨɜ ɜ ɧɚɬɭɪɧɵɯ ɭɫɥɨɜɢɹɯ Дλ–1γЖ. ɂɡɭɱɟɧɢɟ 
ɩɪɨɰɟɫɫɨɜ ɫɬɚɪɟɧɢɹ ɫɢɫɬɟɦ ɅɄɉ ɜ ɪɚɡɥɢɱɧɵɯ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ ɹɜɥɹɟɬɫɹ ɜɟɫɶɦɚ 
ɚɤɬɭɚɥɶɧɵɦ, ɨɫɨɛɟɧɧɨ ɞɥɹ ɥɚɤɨɤɪɚɫɨɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɞɥɹ ɨɤɪɚɫɤɢ 
ɜɧɟɲɧɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɚɜɢɚɰɢɨɧɧɨɣ ɬɟɯɧɢɤɢ.  

ȼ ɤɚɱɟɫɬɜɟ ɦɚɬɟɪɢɚɥɨɜ ɞɥɹ ɡɚɳɢɬɵ ɩɨɜɟɪɯɧɨɫɬɟɣ ɨɬ ɜɧɟɲɧɢɯ ɤɥɢɦɚɬɢɱɟɫɤɢɯ 
ɮɚɤɬɨɪɨɜ ɥɭɱɲɟ ɜɫɟɝɨ ɫɟɛɹ ɡɚɪɟɤɨɦɟɧɞɨɜɚɥɢ ɩɨɥɢɭɪɟɬɚɧɨɜɵɟ ɅɄɉ, ɤ ɤɨɬɨɪɵɦ ɨɬɧɨɫɹɬ-
ɫɹ ɬɚɤɠɟ ɮɬɨɪɩɨɥɢɭɪɟɬɚɧɨɜɵɟ ɩɨɤɪɵɬɢɹ Д14–16]. ȼɥɢɹɧɢɟ ɬɪɨɩɢɱɟɫɤɨɝɨ ɤɥɢɦɚɬɚ ɧɚ ɞɟ-
ɤɨɪɚɬɢɜɧɵɟ ɢ ɡɚɳɢɬɧɵɟ ɫɜɨɣɫɬɜɚ ɮɬɨɪɩɨɥɢɭɪɟɬɚɧɨɜɨɝɨ ɩɨɤɪɵɬɢɹ ɪɚɫɫɦɨɬɪɟɧɨ ɜ ɪɚɛɨɬɟ 
Д5Ж. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɜ ɛɨɥɶɲɟɣ ɫɬɟɩɟɧɢ ɭɞɟɥɟɧɨ ɜɧɢɦɚɧɢɟ ɨɰɟɧɤɟ ɜɥɢɹɧɢɹ ɭɫɥɨɜɢɣ 
ɬɪɨɩɢɱɟɫɤɨɝɨ ɫɭɯɨɝɨ ɢ ɜɥɚɠɧɨɝɨ ɤɥɢɦɚɬɚ ɧɚ ɢɡɦɟɧɟɧɢɟ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ, 
ɚ ɬɚɤɠɟ ɢɫɫɥɟɞɨɜɚɧɢɸ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɢ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɫɢɫɬɟɦɵ ɩɨɤɪɵ-
ɬɢɣ ɧɚ ɨɫɧɨɜɟ ɮɬɨɪɩɨɥɢɭɪɟɬɚɧɨɜɨɣ ɷɦɚɥɢ ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɫɢɫɬɟɦɨɣ ɩɨɤɪɵɬɢɣ ɧɚ ɨɫɧɨɜɟ 
ɷɩɨɤɫɢɞɧɨɣ ɷɦɚɥɢ ɩɨɫɥɟ ɧɚɬɭɪɧɵɯ ɢɫɩɵɬɚɧɢɣ ɜ ɭɫɥɨɜɢɹɯ ɬɪɨɩɢɱɟɫɤɨɝɨ ɤɥɢɦɚɬɚ ɋɟɜɟɪ-
ɧɨɣ Ⱥɦɟɪɢɤɢ ɜ ɬɟɱɟɧɢɟ 1β ɢ γ6 ɦɟɫ.  

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɪɟɚɥɢɡɚɰɢɢ ɤɨɦɩɥɟɤɫɧɨɝɨ ɧɚɭɱɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ 17. 
«Ʉɨɦɩɥɟɤɫɧɚɹ ɚɧɬɢɤɨɪɪɨɡɢɨɧɧɚɹ ɡɚɳɢɬɚ, ɭɩɪɨɱɧɹɸɳɢɟ, ɢɡɧɨɫɨɫɬɨɣɤɢɟ ɡɚɳɢɬɧɵɟ ɢ 
ɬɟɩɥɨɡɚɳɢɬɧɵɟ ɩɨɤɪɵɬɢɹ» ɤɨɦɩɥɟɤɫɧɨɣ ɧɚɭɱɧɨɣ ɩɪɨɛɥɟɦɵ 17.7. «Ʌɚɤɨɤɪɚɫɨɱɧɵɟ ɦɚ-
ɬɟɪɢɚɥɵ ɢ ɩɨɤɪɵɬɢɹ ɧɚ ɩɨɥɢɦɟɪɧɨɣ ɨɫɧɨɜɟ» («ɋɬɪɚɬɟɝɢɱɟɫɤɢɟ ɧɚɩɪɚɜɥɟɧɢɹ ɪɚɡɜɢɬɢɹ 
ɦɚɬɟɪɢɚɥɨɜ ɢ ɬɟɯɧɨɥɨɝɢɣ ɢɯ ɩɟɪɟɪɚɛɨɬɤɢ ɧɚ ɩɟɪɢɨɞ ɞɨ β0γ0 ɝɨɞɚ»). 
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Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ 
ȼ ɤɚɱɟɫɬɜɟ ɨɛɴɟɤɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɣ ɪɚɫɫɦɨɬɪɟɧɵ ɫɢɫɬɟɦɵ ɅɄɉ ɧɚ ɨɫɧɨɜɟ ɷɦɚɥɟɣ 

ȼɗ-6λ ɢ ɗɉ-140, ɫɮɨɪɦɢɪɨɜɚɧɧɵɟ ɧɚ ɩɨɞɥɨɠɤɟ ɢɡ ɫɩɥɚɜɚ Ⱦ16-ȺɌ, ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɡɚ-
ɝɪɭɧɬɨɜɚɧɧɨɣ ɝɪɭɧɬɨɜɤɨɣ ɗɉ-0β15 ɝɨɪɹɱɟɣ ɫɭɲɤɢ. 

Ƚɪɭɧɬɨɜɤɚ ɗɉ-0β15 ɧɚ ɨɫɧɨɜɟ ɷɩɨɤɫɢɞɧɨɝɨ ɨɥɢɝɨɦɟɪɚ, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɧɢɡ-
ɤɨɦɨɥɟɤɭɥɹɪɧɵɦ ɩɨɥɢɫɭɥɶɮɢɞɧɵɦ ɷɥɚɫɬɨɦɟɪɨɦ, ɨɬɜɟɪɠɞɚɟɬɫɹ ɤɪɟɦɧɢɣɨɪɝɚɧɢɱɟɫɤɢɦ 
ɚɦɢɧɨɦ ȺɋɈɌ-β, ɤɨɬɨɪɵɣ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɪɨɞɭɤɬ ɝɢɞɪɨɥɢɡɚ Ȗ-ɚɦɢɧɨɩɪɨɩɢɥ-
ɬɪɢɷɬɨɤɫɢɫɢɥɚɧɚ ɢ ɩɨɫɥɟɞɭɸɳɟɣ ɤɨɧɞɟɧɫɚɰɢɢ. Ƚɪɭɧɬɨɜɤɚ ɗɉ-0β15 ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ 
ɡɚɳɢɬɵ ɨɬ ɤɨɪɪɨɡɢɢ ɚɥɸɦɢɧɢɟɜɵɯ ɫɩɥɚɜɨɜ ɢ ɫɬɚɥɟɣ. 

ɗɦɚɥɶ ɗɉ-140 ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɞɜɭɯɤɨɦɩɨɧɟɧɬɧɭɸ ɫɢɫɬɟɦɭ, ɩɨɥɭɮɚɛɪɢɤɚɬ 
ɤɨɬɨɪɨɣ ɫɨɫɬɨɢɬ ɢɡ ɫɭɫɩɟɧɡɢɢ ɩɢɝɦɟɧɬɨɜ ɢ ɧɚɩɨɥɧɢɬɟɥɟɣ ɜ ɪɚɫɬɜɨɪɟ ɷɩɨɤɫɢɞɧɨɣ ɫɦɨ-
ɥɵ, ɨɬɜɟɪɠɞɚɟɦɨɣ ɨɬɜɟɪɞɢɬɟɥɟɦ № β, ɢ ɩɪɟɞɧɚɡɧɚɱɚɟɬɫɹ ɞɥɹ ɨɤɪɚɫɤɢ ɦɚɝɧɢɟɜɵɯ, 
ɚɥɸɦɢɧɢɟɜɵɯ, ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ ɢ ɫɬɚɥɟɣ. 

Ɏɬɨɪɩɨɥɢɭɪɟɬɚɧɨɜɚɹ ɷɦɚɥɶ ȼɗ-6λ ɨɬɜɟɪɠɞɚɟɬɫɹ ɚɥɢɮɚɬɢɱɟɫɤɢɦ ɢɡɨɰɢɚɧɚɬɧɵɦ 
ɨɬɜɟɪɞɢɬɟɥɟɦ ɢ ɩɪɟɞɧɚɡɧɚɱɚɟɬɫɹ ɞɥɹ ɚɧɬɢɤɨɪɪɨɡɢɨɧɧɨɣ ɡɚɳɢɬɵ ɚɥɸɦɢɧɢɟɜɵɯ, ɦɚɝ-
ɧɢɟɜɵɯ ɫɩɥɚɜɨɜ ɢ ɫɬɚɥɟɣ, ɚ ɬɚɤɠɟ ɞɥɹ ɡɚɳɢɬɵ ɩɨɥɢɦɟɪɧɵɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚ-
ɥɨɜ ɫɢɫɬɟɦɚɦɢ ɅɄɉ ɨɬ ɚɬɦɨɫɮɟɪɧɵɯ ɜɨɡɞɟɣɫɬɜɢɣ. ɉɨɤɪɵɬɢɹ ɦɨɝɭɬ ɷɤɫɩɥɭɚɬɢɪɨɜɚɬɶɫɹ 
ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɨɬ –60 ɞɨ +1β0 °ɋ ɜɨ ɜɫɟɤɥɢɦɚɬɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ. 

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɫɢɫɬɟɦɵ ɩɨɤɪɵɬɢɣ ɫ ɜɵɫɨɤɢɦ ɤɚɱɟɫɬɜɨɦ ɩɨɜɟɪɯɧɨɫɬɢ (ɛɟɡ ɞɟɮɟɤ-
ɬɨɜ, ɤɪɚɬɟɪɨɜ, ɩɨɬɟɤɨɜ, ɜɫɩɭɱɢɜɚɧɢɣ ɢ ɩɨɫɬɨɪɨɧɧɢɯ ɜɤɥɸɱɟɧɢɣ) ɧɚɧɟɫɟɧɢɟ ɝɪɭɧɬɨɜɨɤ ɢ 
ɮɬɨɪɩɨɥɢɭɪɟɬɚɧɨɜɨɣ ɷɦɚɥɢ ɩɪɨɜɨɞɢɥɢ ɦɟɬɨɞɨɦ ɩɧɟɜɦɚɬɢɱɟɫɤɨɝɨ ɪɚɫɩɵɥɟɧɢɹ ɩɪɢ ɪɚ-
ɛɨɱɟɣ ɜɹɡɤɨɫɬɢ, ɨɩɪɟɞɟɥɟɧɧɨɣ ɩɨ ɜɢɫɤɨɡɢɦɟɬɪɭ ȼɁ-β46 ɫ ɞɢɚɦɟɬɪɨɦ ɫɨɩɥɚ 4 ɦɦ:  
13–15 ɫ – ɞɥɹ ɝɪɭɧɬɨɜɤɢ ɗɉ-0215, 30–50 ɫ – ɞɥɹ ɷɦɚɥɢ ɗɉ-140, 12–15 ɫ – ɞɥɹ ɩɨɥɢɭɪɟ-
ɬɚɧɨɜɨɣ ɷɦɚɥɢ ȼɗ-69.  

Ɉɛɪɚɡɰɵ ɢɫɩɵɬɵɜɚɥɢ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɟɫɬɟɫɬɜɟɧɧɵɯ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ ɜ 
ɫɜɨɛɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ χSTε G7/G7M-11, ISO 877,  
ISτ βκ10 ɞɥɹ ɧɟɦɟɬɚɥɥɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ. ɉɨɜɟɪɯɧɨɫɬɶ ɨɛɪɚɡɰɨɜ ɨɪɢɟɧɬɢɪɨɜɚɥɢ ɧɚ 
ɸɝ ɩɨɞ ɭɝɥɨɦ ɧɚɤɥɨɧɚ ɤ ɥɢɧɢɢ ɝɨɪɢɡɨɧɬɚ, ɪɚɜɧɵɦ 45 ɝɪɚɞɭɫɚɦ.  

ȼ ɪɚɛɨɬɟ Д5Ж ɩɨɤɚɡɚɧɵ ɪɚɡɥɢɱɢɹ ɜ ɭɫɥɨɜɢɹɯ ɬɪɨɩɢɱɟɫɤɨɝɨ ɫɭɯɨɝɨ ɢ ɜɥɚɠɧɨɝɨ 
ɤɥɢɦɚɬɨɜ Ⱥɪɢɡɨɧɵ ɢ Ɏɥɨɪɢɞɵ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɚ ɬɚɤɠɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɩɨɞɪɨɛɧɵɟ ɦɟ-
ɬɟɨɪɨɥɨɝɢɱɟɫɤɢɟ ɞɚɧɧɵɟ ɡɚ ɩɟɪɢɨɞ ɷɤɫɩɨɡɢɰɢɢ. Ⱦɥɹ ɞɚɧɧɵɯ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɫɬɚɧɰɢɣ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ISO 92βγ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɤɚɬɟɝɨɪɢɹ ɤɨɪɪɨɡɢɨɧɧɨɣ ɚɝɪɟɫɫɢɜɧɨɫɬɢ ɞɥɹ 
ɬɪɨɩɢɱɟɫɤɨɝɨ ɜɥɚɠɧɨɝɨ ɤɥɢɦɚɬɚ Ɏɥɨɪɢɞɵ – ɋγ ɢ ɞɥɹ ɩɭɫɬɵɧɧɨɝɨ (ɨɱɟɧɶ ɫɭɯɨɝɨ ɠɚɪɤɨ-
ɝɨ) ɤɥɢɦɚɬɚ Ⱥɪɢɡɨɧɵ – ɋβ. 

Ɇɢɤɪɨɫɬɪɭɤɬɭɪɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɅɄɉ ɩɪɨɜɨɞɢɥɢ ɫ ɩɨɦɨɳɶɸ ɫɤɚɧɢɪɭɸɳɟɝɨ 
ɷɥɟɤɬɪɨɧɧɨɝɨ ɦɢɤɪɨɫɤɨɩɚ TESCAN VEGA γ БεU ɜ ɪɟɠɢɦɟ ɜɬɨɪɢɱɧɵɯ ɷɥɟɤɬɪɨɧɨɜ ɩɪɢ 
ɭɜɟɥɢɱɟɧɢɹɯ ɨɬ ×β00 ɞɨ ×40000. 

ɉɨɞɝɨɬɨɜɤɚ ɨɛɪɚɡɰɨɜ ɞɥɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜɤɥɸɱɚɥɚ:  
– ɩɪɢɤɥɟɢɜɚɧɢɟ ɨɛɪɚɡɰɨɜ ɩɨɤɪɵɬɢɹ ɫ ɩɨɦɨɳɶɸ ɬɨɤɨɩɪɨɜɨɞɹɳɟɝɨ ɭɝɥɟɪɨɞɧɨɝɨ ɫɤɨɬ-

ɱɚ ɤ ɞɟɪɠɚɬɟɥɹɦ; 
– ɩɪɨɞɭɜɤɭ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɨɜ ɫɠɚɬɵɦ ɜɨɡɞɭɯɨɦ ɩɪɢ ɩɨɦɨɳɢ ɛɟɡɦɚɫɥɹɧɨɝɨ ɤɨɦ-

ɩɪɟɫɫɨɪɚ; 
– ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɨɟ ɬɪɚɜɥɟɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɤɪɵɬɢɹ ɜ ɜɚɤɭɭɦɧɨɣ ɭɫɬɚɧɨɜɤɟ  

JFC-1100 (ɮɢɪɦɚ Jeol); 
– ɦɟɬɚɥɥɢɡɚɰɢɸ ɩɨɜɟɪɯɧɨɫɬɟɣ ɢɫɫɥɟɞɭɟɦɵɯ ɨɛɪɚɡɰɨɜ ɜ ɜɚɤɭɭɦɧɨɣ ɭɫɬɚɧɨɜɤɟ ɦɚɝɧɟ-

ɬɪɨɧɧɨɝɨ ɪɚɫɩɵɥɟɧɢɹ Q150R ES (ɮɢɪɦɚ QЮШrЮЦ TОМСЧШХШРТОs). 
ɂɨɧɧɨ-ɩɥɚɡɦɟɧɧɨɟ ɬɪɚɜɥɟɧɢɟ ɨɛɪɚɡɰɨɜ ɫ ɅɄɉ ɩɨɡɜɨɥɹɟɬ ɜɵɹɜɥɹɬɶ ɫɜɟɪɯɬɨɧɤɭɸ 

ɫɬɪɭɤɬɭɪɭ ɩɪɢ ɢɯ ɢɫɫɥɟɞɨɜɚɧɢɢ. ȼɚɤɭɭɦɧɚɹ ɦɟɬɚɥɥɢɡɚɰɢɹ ɨɛɟɫɩɟɱɢɜɚɟɬ ɫɧɹɬɢɟ ɷɥɟɤ-
ɬɪɢɱɟɫɤɢɯ ɡɚɪɹɞɨɜ ɫ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɨɜ ɩɨɤɪɵɬɢɹ ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɜ ɫɤɚɧɢɪɭɸɳɟɦ 
ɷɥɟɤɬɪɨɧɧɨɦ ɦɢɤɪɨɫɤɨɩɟ. 
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Ɉɩɪɟɞɟɥɟɧɢɟ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɅɄɉ ɩɪɨɜɨɞɢɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟ-
ɬɨɞɚ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɢɦɩɟɞɚɧɫɧɨɣ ɫɩɟɤɬɪɨɫɤɨɩɢɢ. ɂɡɦɟɪɟɧɢɹ ɩɪɨɜɨɞɢɥɢ ɜ ɹɱɟɣɤɟ 
EL-FLAT-β (ɮɢɪɦɚ Biologic, ȼɟɥɢɤɨɛɪɢɬɚɧɢɹ) ɫ ɬɪɟɯɷɥɟɤɬɪɨɞɧɨɣ ɫɯɟɦɨɣ ɩɨɞɤɥɸɱɟɧɢɹ, 
ɡɚɩɨɥɧɟɧɧɨɣ ɧɟɣɬɪɚɥɶɧɵɦ ɪɚɫɬɜɨɪɨɦ γ %-ɧɨɝɨ ɯɥɨɪɢɞɚ ɧɚɬɪɢɹ. ɉɥɨɳɚɞɶ ɪɚɛɨɱɟɝɨ 
ɷɥɟɤɬɪɨɞɚ ɫɨɫɬɚɜɥɹɥɚ 10 ɫɦ2, ɜ ɤɚɱɟɫɬɜɟ ɩɪɨɬɢɜɨɷɥɟɤɬɪɨɞɚ ɢɫɩɨɥɶɡɨɜɚɥɢ ɩɥɚɬɢɧɨɜɭɸ 
ɫɟɬɤɭ, ɚ ɬɚɤɠɟ ɤɚɥɨɦɟɥɶɧɵɣ ɷɥɟɤɬɪɨɞ ɫɪɚɜɧɟɧɢɹ, ɧɚɩɨɥɧɟɧɧɵɣ ɧɚɫɵɳɟɧɧɵɦ ɪɚɫɬɜɨɪɨɦ 
ɯɥɨɪɢɞɚ ɤɚɥɢɹ. ɉɟɪɟɞ ɧɚɱɚɥɨɦ ɢɡɦɟɪɟɧɢɣ ɨɛɪɚɡɟɰ ɜɵɞɟɪɠɢɜɚɥɢ ɜ ɷɥɟɤɬɪɨɥɢɬɟ ɧɟ ɦɟɧɟɟ 
10 ɦɢɧ. ɋɧɹɬɢɟ ɫɩɟɤɬɪɨɜ ɢɦɩɟɞɚɧɫɚ ɩɪɨɜɨɞɢɥɢ ɜ ɞɢɚɩɚɡɨɧɟ ɱɚɫɬɨɬ ɨɬ 0,01 ɞɨ 1 ɆȽɰ ɩɨ-
ɫɪɟɞɫɬɜɨɦ ɩɪɢɥɨɠɟɧɢɹ ɫɢɧɭɫɨɢɞɚɥɶɧɨɝɨ ɫɢɝɧɚɥɚ ɚɦɩɥɢɬɭɞɨɣ 1 ɧȺ. ɂɡɦɟɪɟɧɢɹ ɩɪɨɜɨ-
ɞɢɥɢ ɧɚ ɥɢɰɟɜɨɣ ɫɬɨɪɨɧɟ ɨɛɪɚɡɰɨɜ. 

Ȼɥɟɫɤ ɩɨɤɪɵɬɢɣ ɩɨɞ ɭɝɥɨɦ 60 ɝɪɚɞɭɫɨɜ ɢɡɦɟɪɹɥɢ ɫ ɩɨɦɨɳɶɸ ɛɥɟɫɤɨɦɟɪɚ ɩɨ 
ȽɈɋɌ γ1λ75–2017. 

Ⱥɞɝɟɡɢɸ ɩɨɤɪɵɬɢɣ ɨɩɪɟɞɟɥɹɥɢ ɦɟɬɨɞɨɦ ɪɟɲɟɬɱɚɬɨɝɨ ɧɚɞɪɟɡɚ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ  
ɫ ȽɈɋɌ 15140–78.  

Ɍɜɟɪɞɨɫɬɶ ɩɨɤɪɵɬɢɣ ɢɡɦɟɪɹɥɢ ɫ ɩɨɦɨɳɶɸ ɦɚɹɬɧɢɤɨɜɨɝɨ ɩɪɢɛɨɪɚ ɬɢɩɚ  
ɌɆɅ-β1β4 ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ȽɈɋɌ 5βγγ–89.  

ɉɪɨɱɧɨɫɬɶ ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ ɅɄɉ ɨɩɪɟɞɟɥɹɥɢ ɩɨ ȽɈɋɌ βλγ0λ–92. 
 

Ɋɟɡɭɥɶɬɚɬɵ ɢ ɨɛɫɭɠɞɟɧɢɟ 
ȼ ɬɚɛɥ. 1 ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ ɞɟɤɨɪɚɬɢɜɧɵɯ ɢ ɮɢɡɢɤɨ-

ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɫɢɫɬɟɦ ɩɨɤɪɵɬɢɣ ɧɚ ɨɫɧɨɜɟ ɷɩɨɤɫɢɞɧɨɣ ɷɦɚɥɢ ɗɉ-140 ɜ ɢɫɯɨɞ-
ɧɨɦ ɫɨɫɬɨɹɧɢɢ ɢ ɩɨɫɥɟ ɷɤɫɩɨɡɢɰɢɢ ɜɨ Ɏɥɨɪɢɞɟ ɢ Ⱥɪɢɡɨɧɟ ɜ ɟɫɬɟɫɬɜɟɧɧɵɯ ɭɫɥɨɜɢɹɯ. 

 
Ɍɚɛɥɢɰɚ 1 

Ⱦɟɤɨɪɚɬɢɜɧɵɟ ɢ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɫɢɫɬɟɦ ɩɨɤɪɵɬɢɣ 
ɧɚ ɨɫɧɨɜɟ ɷɩɨɤɫɢɞɧɨɣ ɷɦɚɥɢ ɗɉ-140 ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ  

ɢ ɩɨɫɥɟ ɷɤɫɩɨɡɢɰɢɢ ɜɨ Ɏɥɨɪɢɞɟ ɢ Ⱥɪɢɡɨɧɟ ɜ ɟɫɬɟɫɬɜɟɧɧɵɯ ɭɫɥɨɜɢɹɯ 

ɋɜɨɣɫɬɜɚ 

Ɂɧɚɱɟɧɢɹ ɫɜɨɣɫɬɜ ɫɢɫɬɟɦɵ ɩɨɤɪɵɬɢɹ ɧɚ ɨɫɧɨɜɟ ɷɦɚɥɢ ɗɉ-140 

ɜ ɢɫɯɨɞɧɨɦ  
ɫɨɫɬɨɹɧɢɢ 

ɩɨɫɥɟ ɷɤɫɩɨɡɢɰɢɢ  
ɜɨ Ɏɥɨɪɢɞɟ ɜ ɬɟɱɟɧɢɟ 

ɩɨɫɥɟ ɷɤɫɩɨɡɢɰɢɢ  
ɜ Ⱥɪɢɡɨɧɟ  
ɜ ɬɟɱɟɧɢɟ 

1 ɝɨɞɚ γ ɥɟɬ 1 ɝɨɞɚ γ ɥɟɬ 

ȼɧɟɲɧɢɣ ɜɢɞ 

ɉɨɤɪɵɬɢɟ  
ɪɨɜɧɨɟ, ɝɥɚɞɤɨɟ, 
ɛɟɡ ɩɨɫɬɨɪɨɧɧɢɯ 
ɜɤɥɸɱɟɧɢɣ,  
ɤɪɚɬɟɪɵ  

ɨɬɫɭɬɫɬɜɭɸɬ 

ɉɨɤɪɵɬɢɟ  
ɪɨɜɧɨɟ, ɝɥɚɞ-
ɤɨɟ, ɞɟɮɟɤɬɵ 
ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ 
ɨɬɫɭɬɫɬɜɭɸɬ 

ɉɨɜɟɪɯɧɨɫɬɶ  
ɩɨɤɪɵɬɢɹ ɢɦɟɟɬ 
ɞɟɮɟɤɬɵ ɜ ɜɢɞɟ  

ɧɟɛɨɥɶɲɢɯ ɬɪɟɳɢɧ 
ɩɨ ɜɫɟɣ ɩɨɜɟɪɯɧɨɫɬɢ 

ɨɛɪɚɡɰɚ 

ɉɨɤɪɵɬɢɟ ɪɨɜɧɨɟ, 
ɝɥɚɞɤɨɟ, ɞɟɮɟɤɬɵ 
ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ 
ɨɬɫɭɬɫɬɜɭɸɬ 

Ȼɥɟɫɤ ɩɨɞ ɭɝɥɨɦ 60 
ɝɪɚɞɭɫɨɜ, ɟɞ. ɛɥɟɫɤɚ 66,2 2,3 1,3 3,3 1,5 

ɂɡɦɟɧɟɧɢɟ  
ɰɜɟɬɚ Δȿ – 4,3 4,6 5,1 5,73 

Ɍɜɟɪɞɨɫɬɶ, ɨɬɧ. ɟɞ. 0,6 – 

Ⱥɞɝɟɡɢɹ, ɛɚɥɥ 1 1 1 1 1 
ɉɪɨɱɧɨɫɬɶ ɩɪɢ ɪɚɫ-
ɬɹɠɟɧɢɢ, ɦɦ 6,6 4,8 4,5 5,8 5,9 

 
Ʉɚɤ ɜɢɞɧɨ ɢɡ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ, ɫɢɫɬɟɦɚ ɩɨɤɪɵɬɢɣ ɧɚ ɨɫɧɨɜɟ ɷɦɚɥɢ ɗɉ-140 

ɨɛɥɚɞɚɟɬ ɯɨɪɨɲɢɦɢ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ, ɚɞɝɟɡɢɟɣ ɤ ɚɥɸɦɢɧɢɟɜɨɦɭ 
ɫɩɥɚɜɭ 1 ɛɚɥɥ ɢ ɬɪɟɛɭɟɦɵɦ ɜɧɟɲɧɢɦ ɜɢɞɨɦ ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ. ɉɪɢ ɷɬɨɦ ɬɜɟɪɞɨɫɬɶ 
ɩɨɤɪɵɬɢɹ ɫɨɫɬɚɜɥɹɟɬ 0,6 ɨɬɧ. ɟɞ., ɱɬɨ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɢ 
ɫɲɢɜɤɢ ɩɨɥɢɦɟɪɧɨɣ ɩɥɟɧɤɢ. ɂɡ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜɢɞɧɨ, ɱɬɨ, ɱɟɦ ɛɨɥɶɲɟ ɫɪɨɤ 
ɷɤɫɩɨɡɢɰɢɢ ɨɛɪɚɡɰɨɜ ɫ ɩɨɤɪɵɬɢɟɦ ɷɦɚɥɶɸ ɗɉ-140, ɬɟɦ ɫɢɥɶɧɟɟ ɜɵɪɚɠɟɧɵ ɢɡɦɟɧɟɧɢɹ 
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ɛɥɟɫɤɚ ɢ ɰɜɟɬɚ ɩɨɤɪɵɬɢɹ (ɩɚɞɟɧɢɟ ɛɥɟɫɤɚ ɩɨɤɪɵɬɢɹ >λ0 %). ɉɪɢ ɷɬɨɦ ɧɚɢɛɨɥɶɲɟɟ ɫɧɢ-
ɠɟɧɢɟ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ ɧɚɛɥɸɞɚɟɬɫɹ ɞɥɹ ɩɨɤɪɵɬɢɹ ɷɦɚɥɶɸ ɗɉ-140 ɩɨɫɥɟ 
ɜɵɞɟɪɠɤɢ ɜ ɭɫɥɨɜɢɹɯ ɬɪɨɩɢɱɟɫɤɨɝɨ ɜɥɚɠɧɨɝɨ ɤɥɢɦɚɬɚ Ɏɥɨɪɢɞɵ (>γ0 % ɨɬ ɢɫɯɨɞɧɨɝɨ 
ɡɧɚɱɟɧɢɹ). ɉɨ-ɜɢɞɢɦɨɦɭ, ɷɬɨ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ ɜ ɭɫɥɨɜɢɹɯ ɤɥɢɦɚɬɚ Ɏɥɨɪɢɞɵ ɩɨɦɢɦɨ 
ɜɵɫɨɤɢɯ ɡɧɚɱɟɧɢɣ ɫɪɟɞɧɟɝɨɞɨɜɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɡɞɭɯɚ ɧɚɛɥɸɞɚɸɬɫɹ ɜɵɫɨɤɢɟ ɡɧɚɱɟɧɢɹ 
ɫɪɟɞɧɟɝɨɞɨɜɨɣ ɜɥɚɠɧɨɫɬɢ ɜɨɡɞɭɯɚ ɢ ɫɭɦɦɚɪɧɨɝɨ ɫɨɥɧɟɱɧɨɝɨ ɢɡɥɭɱɟɧɢɹ (з6500 ɦȾɠ/ɦ2) 
Д5Ж, ɱɬɨ ɨɤɚɡɵɜɚɟɬ ɜɥɢɹɧɢɟ ɧɚ ɢɡɦɟɧɟɧɢɹ ɜ ɫɬɪɭɤɬɭɪɟ ɩɨɥɢɦɟɪɧɨɣ ɩɥɟɧɤɢ, ɭɜɟɥɢɱɟɧɢɟ 
ɫɤɨɪɨɫɬɢ ɞɢɮɮɭɡɢɢ ɜɥɚɝɢ ɡɚ ɫɱɟɬ ɨɛɪɚɡɨɜɚɧɢɹ ɞɟɮɟɤɬɨɜ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɤɪɵɬɢɹ ɢ, 
ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɫɧɢɠɟɧɢɟ ɫɜɨɣɫɬɜ ɩɨɤɪɵɬɢɹ. Ⱦɚɧɧɨɟ ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɩɨɞɬɜɟɪɠɞɟɧɨ ɪɟ-
ɡɭɥɶɬɚɬɚɦɢ ɦɚɤɪɨ- ɢ ɦɢɤɪɨɫɬɪɭɤɬɭɪɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɨɜ ɫ ɫɢɫɬɟ-
ɦɨɣ ɩɨɤɪɵɬɢɣ ɧɚ ɨɫɧɨɜɟ ɷɦɚɥɢ ɗɉ-140 ɦɟɬɨɞɨɦ ɫɤɚɧɢɪɭɸɳɟɣ ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨ-
ɩɢɢ, ɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 1–4. 

 
ɛ)ɚ) ɜ)

 
Ɋɢɫ. 1. Ɇɚɤɪɨɫɬɪɭɤɬɭɪɚ (×10) ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɚ ɫɢɫɬɟɦɵ ɩɨɤɪɵɬɢɣ ɧɚ ɨɫɧɨɜɟ ɷɦɚɥɢ  

ɗɉ-140 ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ (ɚ) ɢ ɩɨɫɥɟ ɷɤɫɩɨɡɢɰɢɢ ɜ ɬɟɱɟɧɢɟ γ ɥɟɬ ɜ ɭɫɥɨɜɢɹɯ ɤɥɢɦɚɬɚ  
Ɏɥɨɪɢɞɵ (ɛ) ɢ Ⱥɪɢɡɨɧɵ (ɜ) 

 

ɛ)ɚ) ɜ)

 
Ɋɢɫ. β. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ (ɚ – ×200; ɛ – ×10000; ɜ – ×40000) ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɚ ɫɢɫɬɟɦɵ  

ɩɨɤɪɵɬɢɣ ɧɚ ɨɫɧɨɜɟ ɷɦɚɥɢ ɗɉ-140 ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ 
 

ɛ)ɚ) ɜ)

 
Ɋɢɫ. γ. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ (ɚ – ×200; ɛ – ×10000; ɜ – ×40000) ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɚ ɫɢɫɬɟɦɵ ɩɨ-

ɤɪɵɬɢɣ ɧɚ ɨɫɧɨɜɟ ɷɦɚɥɢ ɗɉ-140 ɩɨɫɥɟ ɷɤɫɩɨɡɢɰɢɢ ɜ ɭɫɥɨɜɢɹɯ ɬɪɨɩɢɱɟɫɤɨɝɨ ɜɥɚɠɧɨɝɨ ɤɥɢɦɚɬɚ 
Ɏɥɨɪɢɞɵ ɜ ɬɟɱɟɧɢɟ γ ɥɟɬ 



ʯащ̛т̦̼е ̛ фу̦кц̛о̦ал̦̼̽е пок̬̼т̛́  

 

 

АȐиаȤиȜțțые Țатериаșы и теȣțȜșȜȑии / Aviation materials and technologies  2 (67)  2022                            125 

 

ɛ)ɚ) ɜ)

 
Ɋɢɫ. 4. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ (ɚ – ×200; ɛ – ×10000; ɜ – ×40000) ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɚ ɫɢɫɬɟɦɵ ɩɨ-

ɤɪɵɬɢɣ ɧɚ ɨɫɧɨɜɟ ɷɦɚɥɢ ɗɉ-140 ɩɨɫɥɟ ɷɤɫɩɨɡɢɰɢɢ ɜ ɭɫɥɨɜɢɹɯ ɬɪɨɩɢɱɟɫɤɨɝɨ ɫɭɯɨɝɨ ɤɥɢɦɚɬɚ 
Ⱥɪɢɡɨɧɵ ɜ ɬɟɱɟɧɢɟ γ ɥɟɬ 

 
ȼɢɞɧɨ, ɱɬɨ ɩɨɫɥɟ ɷɤɫɩɨɡɢɰɢɢ ɜ ɭɫɥɨɜɢɹɯ ɤɥɢɦɚɬɚ Ɏɥɨɪɢɞɵ ɜ ɬɟɱɟɧɢɟ γ ɥɟɬ ɦɢɤ-

ɪɨɮɚɡɨɜɚɹ ɫɬɪɭɤɬɭɪɚ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɚ ɫɢɫɬɟɦɵ ɩɨɤɪɵɬɢɣ ɧɚ ɨɫɧɨɜɟ ɷɦɚɥɢ ɗɉ-140 
ɪɵɯɥɚɹ ɢ ɩɨɤɪɵɬɚ ɫɟɬɤɨɣ ɤɪɭɩɧɵɯ ɢ ɝɥɭɛɨɤɢɯ ɬɪɟɳɢɧ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɦɢɤɪɨɮɚɡɨɜɨɣ 
ɫɬɪɭɤɬɭɪɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɚ ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ. ȼɨɡɦɨɠɧɨ, ɷɬɨ ɫɜɹɡɚɧɨ ɫ 
ɧɚɪɭɲɟɧɢɟɦ ɤɨɝɟɡɢɨɧɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɜɧɟɲɧɟɝɨ ɫɥɨɹ ɩɨɤɪɵɬɢɹ ɜɫɥɟɞɫɬɜɢɟ ɜɥɢɹ-
ɧɢɹ ɫɨɜɨɤɭɩɧɨɫɬɢ ɮɚɤɬɨɪɨɜ, ɚ ɢɦɟɧɧɨ – ɜɵɫɨɤɨɣ ɜɥɚɠɧɨɫɬɢ, ɬɟɦɩɟɪɚɬɭɪɵ ɨɤɪɭɠɚɸɳɟɣ 
ɫɪɟɞɵ ɢ ɫɨɥɧɟɱɧɨɝɨ ɢɡɥɭɱɟɧɢɹ. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɚ ɫɢɫɬɟɦɵ ɩɨɤɪɵ-
ɬɢɣ ɧɚ ɨɫɧɨɜɟ ɷɦɚɥɢ ɗɉ-140 ɩɨɫɥɟ ɷɤɫɩɨɡɢɰɢɢ ɜ ɭɫɥɨɜɢɹɯ ɤɥɢɦɚɬɚ Ⱥɪɢɡɨɧɵ ɛɨɥɟɟ 
ɝɥɚɞɤɚɹ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɦɢɤɪɨɫɬɪɭɤɬɭɪɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɚ ɩɨɫɥɟ ɷɤɫɩɨɡɢɰɢɢ ɜɨ 
Ɏɥɨɪɢɞɟ. ɉɪɢ ɷɬɨɦ ɜɢɞɧɨ, ɱɬɨ ɜ ɫɥɭɱɚɟ ɷɤɫɩɨɡɢɰɢɢ ɨɛɪɚɡɰɚ ɜ ɭɫɥɨɜɢɹɯ ɤɥɢɦɚɬɚ Ⱥɪɢɡɨ-
ɧɵ ɦɢɤɪɨɮɚɡɨɜɚɹ ɫɬɪɭɤɬɭɪɚ ɩɨɜɟɪɯɧɨɫɬɢ ɞɟɮɟɤɬɧɚ, ɨɞɧɚɤɨ ɨɬɫɭɬɫɬɜɭɟɬ ɨɛɪɚɡɨɜɚɧɢɟ 
ɫɟɬɤɢ ɬɪɟɳɢɧ ɢ ɷɪɨɡɢɢ ɩɨɤɪɵɬɢɹ ɞɨ ɫɥɨɹ ɝɪɭɧɬɨɜɤɢ ɝɨɪɹɱɟɣ ɫɭɲɤɢ.  

ȼ ɬɚɛɥ. β ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ ɞɟɤɨɪɚɬɢɜɧɵɯ ɢ ɮɢɡɢɤɨ-
ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɫɢɫɬɟɦ ɩɨɤɪɵɬɢɣ ɧɚ ɨɫɧɨɜɟ ɷɩɨɤɫɢɞɧɨɣ ɷɦɚɥɢ ȼɗ-6λ ɜ ɢɫɯɨɞɧɨɦ 
ɫɨɫɬɨɹɧɢɢ ɢ ɩɨɫɥɟ ɷɤɫɩɨɡɢɰɢɢ ɜɨ Ɏɥɨɪɢɞɟ ɢ Ⱥɪɢɡɨɧɟ ɜ ɟɫɬɟɫɬɜɟɧɧɵɯ ɭɫɥɨɜɢɹɯ. 

 
Ɍɚɛɥɢɰɚ 2 

Ⱦɟɤɨɪɚɬɢɜɧɵɟ ɢ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɫɢɫɬɟɦ ɩɨɤɪɵɬɢɣ  
ɧɚ ɨɫɧɨɜɟ ɷɩɨɤɫɢɞɧɨɣ ɷɦɚɥɢ ȼɗ-69 ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ  

ɢ ɩɨɫɥɟ ɷɤɫɩɨɡɢɰɢɢ ɜɨ Ɏɥɨɪɢɞɟ ɢ Ⱥɪɢɡɨɧɟ ɜ ɟɫɬɟɫɬɜɟɧɧɵɯ ɭɫɥɨɜɢɹɯ 

ɋɜɨɣɫɬɜɚ 

Ɂɧɚɱɟɧɢɹ ɫɜɨɣɫɬɜ ɫɢɫɬɟɦɵ ɩɨɤɪɵɬɢɹ ɧɚ ɨɫɧɨɜɟ ɷɦɚɥɢ ȼɗ-69 

ɜ ɢɫɯɨɞɧɨɦ  
ɫɨɫɬɨɹɧɢɢ 

ɩɨɫɥɟ ɷɤɫɩɨɡɢɰɢɢ  
ɜɨ Ɏɥɨɪɢɞɟ ɜ ɬɟɱɟɧɢɟ 

ɩɨɫɥɟ ɷɤɫɩɨɡɢɰɢɢ  
ɜ Ⱥɪɢɡɨɧɟ ɜ ɬɟɱɟɧɢɟ 

1 ɝɨɞɚ γ ɥɟɬ 1 ɝɨɞɚ γ ɥɟɬ 

ȼɧɟɲɧɢɣ ɜɢɞ 

ɉɨɤɪɵɬɢɟ ɪɨɜɧɨɟ, ɝɥɚɞ-
ɤɨɟ, ɛɟɡ ɩɨɫɬɨɪɨɧɧɢɯ 

ɜɤɥɸɱɟɧɢɣ, ɤɪɚɬɟɪɵ ɨɬ-
ɫɭɬɫɬɜɭɸɬ 

ɉɨɤɪɵɬɢɟ ɪɨɜɧɨɟ, ɝɥɚɞ-
ɤɨɟ, ɞɟɮɟɤɬɵ ɧɚ ɩɨɜɟɪɯ-

ɧɨɫɬɢ ɨɬɫɭɬɫɬɜɭɸɬ 

ɉɨɤɪɵɬɢɟ ɪɨɜɧɨɟ, ɝɥɚɞ-
ɤɨɟ, ɞɟɮɟɤɬɵ ɧɚ ɩɨɜɟɪɯ-

ɧɨɫɬɢ ɨɬɫɭɬɫɬɜɭɸɬ 

Ȼɥɟɫɤ ɩɨɞ ɭɝɥɨɦ 
60 ɝɪɚɞɭɫɨɜ, ɟɞ. ɛɥɟɫɤɚ 3,3 2,9 1,7 3,2 2,8 

ɂɡɦɟɧɟɧɢɟ ɰɜɟɬɚ Δȿ – 0,4 0,75 0,3 0,6 
Ɍɜɟɪɞɨɫɬɶ, ɨɬɧ. ɟɞ. 0,6 – 
Ⱥɞɝɟɡɢɹ, ɛɚɥɥ 1 1 1 1 1 
ɉɪɨɱɧɨɫɬɶ ɩɪɢ ɪɚɫɬɹɠɟ-
ɧɢɢ, ɦɦ 6,8 6,2 6,0 6,3 6,1 

 
Ʉɚɤ ɜɢɞɧɨ ɢɡ ɞɚɧɧɵɯ ɬɚɛɥ. β, ɩɨɤɪɵɬɢɟ ɷɦɚɥɢ ȼɗ-6λ ɨɛɥɚɞɚɟɬ ɜɵɫɨɤɢɦɢ ɮɢɡɢɤɨ-

ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ ɢ ɚɞɝɟɡɢɟɣ ɤ ɫɭɛɫɬɪɚɬɭ ɧɟ ɛɨɥɟɟ 1 ɛɚɥɥɚ. ɉɨɫɥɟ ɷɤɫɩɨɡɢɰɢɢ 
ɜ ɭɫɥɨɜɢɹɯ ɬɪɨɩɢɱɟɫɤɨɝɨ ɫɭɯɨɝɨ ɤɥɢɦɚɬɚ ɢ ɬɪɨɩɢɱɟɫɤɨɝɨ ɜɥɚɠɧɨɝɨ ɤɥɢɦɚɬɚ ɋɒȺ ɩɚɞɟ-
ɧɢɟ ɛɥɟɫɤɚ ɫɨɫɬɚɜɥɹɟɬ ɧɟ ɛɨɥɟɟ 50 %, ɢɡɦɟɧɟɧɢɟ ɰɜɟɬɚ ɩɨɤɪɵɬɢɹ ɧɟɛɨɥɶɲɨɟ, ɫɧɢɠɟɧɢɟ 
ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ ɧɟ ɛɨɥɟɟ 15 %. ɉɪɢ ɷɬɨɦ, ɤɚɤ ɢ ɜ ɫɥɭɱɚɟ ɫ ɫɢɫɬɟɦɨɣ ɩɨɤɪɵɬɢɹ 
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ɧɚ ɨɫɧɨɜɟ ɷɦɚɥɢ ɗɉ-140, ɧɚɢɛɨɥɶɲɟɟ ɫɧɢɠɟɧɢɟ ɞɟɤɨɪɚɬɢɜɧɵɯ ɫɜɨɣɫɬɜ ɢ ɩɪɨɱɧɨɫɬɢ ɩɪɢ 
ɪɚɫɬɹɠɟɧɢɢ ɧɚɛɥɸɞɚɟɬɫɹ ɩɨɫɥɟ ɷɤɫɩɨɡɢɰɢɢ ɜ ɭɫɥɨɜɢɹɯ ɤɥɢɦɚɬɚ Ɏɥɨɪɢɞɵ. ɋɥɟɞɭɟɬ ɨɬ-
ɦɟɬɢɬɶ, ɱɬɨ ɡɚɳɢɬɧɵɟ ɫɜɨɣɫɬɜɚ ɩɨɤɪɵɬɢɣ, ɷɤɫɩɥɭɚɬɢɪɭɟɦɵɯ ɜ ɭɫɥɨɜɢɹɯ ɬɪɨɩɢɱɟɫɤɨɝɨ 
ɤɥɢɦɚɬɚ, ɛɭɞɭɬ ɨɩɪɟɞɟɥɹɬɶɫɹ ɜɥɚɝɨɧɟɩɪɨɧɢɰɚɟɦɨɫɬɶɸ ɩɨɥɢɦɟɪɧɨɣ ɩɥɟɧɤɢ.  

ɇɟɨɛɯɨɞɢɦɨ ɬɚɤɠɟ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜɨɞɨɩɨɝɥɨɳɟɧɢɟ ɩɥɟɧɤɢ ɷɦɚɥɢ ȼɗ-6λ ɜ β ɪɚɡɚ 
ɦɟɧɶɲɟ ɜɨɞɨɩɨɝɥɨɳɟɧɢɹ ɩɨɥɢɦɟɪɧɨɣ ɩɥɟɧɤɢ ɷɦɚɥɢ ɗɉ-140 Д15, 16Ж, ɱɬɨ ɨɤɚɡɵɜɚɟɬ ɜɥɢɹ-
ɧɢɟ ɧɚ ɫɬɨɣɤɨɫɬɶ ɩɨɤɪɵɬɢɹ ɤ ɞɟɝɪɚɞɚɰɢɢ ɩɨɞ ɜɥɢɹɧɢɟɦ ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɜɥɚɝɢ ɜɨɡɞɭɯɚ ɩɪɢ 
ɩɨɜɵɲɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɜ ɭɫɥɨɜɢɹɯ ɬɪɨɩɢɱɟɫɤɨɝɨ ɜɥɚɠɧɨɝɨ ɤɥɢɦɚɬɚ, ɬ. ɟ. ɫɬɨɣɤɨɫɬɶ ɩɨ-
ɤɪɵɬɢɣ, ɷɤɫɩɥɭɚɬɢɪɭɟɦɵɯ ɜ ɭɫɥɨɜɢɹɯ ɬɪɨɩɢɱɟɫɤɨɝɨ ɜɥɚɠɧɨɝɨ ɤɥɢɦɚɬɚ, ɛɭɞɟɬ ɜ ɛɨɥɶɲɨɣ 
ɫɬɟɩɟɧɢ ɨɩɪɟɞɟɥɹɬɶɫɹ ɩɨɤɚɡɚɬɟɥɹɦɢ ɜɥɚɝɨ- ɢ ɜɨɞɨɧɟɩɪɨɧɢɰɚɟɦɨɫɬɢ ɩɨɥɢɦɟɪɧɨɣ ɩɥɟɧɤɢ. 

Ɋɟɡɭɥɶɬɚɬɵ ɦɚɤɪɨ- ɢ ɦɢɤɪɨɫɬɪɭɤɬɭɪɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɨɜ  
ɫɢɫɬɟɦɵ ɩɨɤɪɵɬɢɣ ɧɚ ɨɫɧɨɜɟ ɷɦɚɥɢ ȼɗ-6λ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 5–8. 

 

ɛ)ɚ) ɜ)

 
Ɋɢɫ. 5. Ɇɚɤɪɨɫɬɪɭɤɬɭɪɚ (×10) ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɚ ɫɢɫɬɟɦɵ ɩɨɤɪɵɬɢɣ ɧɚ ɨɫɧɨɜɟ ɷɦɚɥɢ   

ȼɗ-6λ ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ (ɚ) ɢ ɩɨɫɥɟ ɷɤɫɩɨɡɢɰɢɢ ɜ ɬɟɱɟɧɢɟ γ ɥɟɬ ɜ ɭɫɥɨɜɢɹɯ ɤɥɢɦɚɬɚ  
Ɏɥɨɪɢɞɵ (ɛ) ɢ Ⱥɪɢɡɨɧɵ (ɜ) 

 

ɛ)ɚ) ɜ)

 
Ɋɢɫ. 6. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ (ɚ – ×200; ɛ – ×10000; ɜ – ×40000) ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɚ ɫɢɫɬɟɦɵ  

ɩɨɤɪɵɬɢɣ ɧɚ ɨɫɧɨɜɟ ɷɦɚɥɢ ȼɗ-6λ ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ 
 

ɛ)ɚ) ɜ)

 
Ɋɢɫ. 7. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ (ɚ – ×200; ɛ – ×10000; ɜ – ×40000) ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɚ ɫɢɫɬɟɦɵ  

ɩɨɤɪɵɬɢɣ ɧɚ ɨɫɧɨɜɟ ɷɦɚɥɢ ȼɗ-6λ ɩɨɫɥɟ ɷɤɫɩɨɡɢɰɢɢ ɜ ɭɫɥɨɜɢɹɯ ɬɪɨɩɢɱɟɫɤɨɝɨ ɜɥɚɠɧɨɝɨ ɤɥɢɦɚɬɚ 
Ɏɥɨɪɢɞɵ ɜ ɬɟɱɟɧɢɟ γ ɥɟɬ 
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ɛ)ɚ) ɜ)

 
Ɋɢɫ. κ. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ (ɚ – ×200; ɛ – ×10000; ɜ – ×40000) ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɚ ɫɢɫɬɟɦɵ  

ɩɨɤɪɵɬɢɣ ɧɚ ɨɫɧɨɜɟ ɷɦɚɥɢ ȼɗ-6λ ɩɨɫɥɟ ɷɤɫɩɨɡɢɰɢɢ ɜ ɭɫɥɨɜɢɹɯ ɬɪɨɩɢɱɟɫɤɨɝɨ ɜɥɚɠɧɨɝɨ ɤɥɢɦɚɬɚ 
Ⱥɪɢɡɨɧɵ ɜ ɬɟɱɟɧɢɟ γ ɥɟɬ 

 
ȼɢɞɧɨ, ɱɬɨ ɩɨɫɥɟ ɷɤɫɩɨɡɢɰɢɢ ɜ ɭɫɥɨɜɢɹɯ ɤɥɢɦɚɬɚ Ɏɥɨɪɢɞɵ ɜ ɬɟɱɟɧɢɟ γ ɥɟɬ ɜ 

ɦɢɤɪɨɮɚɡɨɜɨɣ ɫɬɪɭɤɬɭɪɟ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɚ ɫɢɫɬɟɦɵ ɩɨɤɪɵɬɢɣ ɧɚ ɨɫɧɨɜɟ ɷɦɚɥɢ  
ȼɗ-6λ ɩɪɢɫɭɬɫɬɜɭɸɬ ɥɨɤɚɥɶɧɵɟ ɨɛɥɚɫɬɢ ɫ ɦɚɥɵɦ ɦɟɠɦɨɥɟɤɭɥɹɪɧɵɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ 
ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɦɢɤɪɨɮɚɡɨɜɨɣ ɫɬɪɭɤɬɭɪɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɚ ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ. 
ɉɪɢ ɷɬɨɦ ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɚ ɧɚɢɛɨɥɟɟ ɞɟɮɟɤɬɧɚ ɩɨɫɥɟ ɷɤɫɩɨɡɢɰɢɢ ɜ 
ɭɫɥɨɜɢɹɯ ɤɥɢɦɚɬɚ Ɏɥɨɪɢɞɵ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫɨ ɫɬɪɭɤɬɭɪɨɣ ɩɨɫɥɟ ɷɤɫɩɨɡɢɰɢɢ ɜ ɭɫɥɨɜɢɹɯ 
ɤɥɢɦɚɬɚ Ⱥɪɢɡɨɧɵ, ɱɬɨ ɬɚɤɠɟ ɫɜɹɡɚɧɨ ɫ ɜɥɢɹɧɢɟɦ ɨɞɧɨɜɪɟɦɟɧɧɨ ɜɵɫɨɤɨɣ ɜɥɚɠɧɨɫɬɢ, 
ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɫɨɥɧɟɱɧɨɝɨ ɢɡɥɭɱɟɧɢɹ. 

Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɡɚɳɢɬɧɵɯ ɫɜɨɣɫɬɜ ɜɵɲɟɩɪɢɜɟɞɟɧɧɵɯ ɫɢɫɬɟɦ ɩɨɤɪɵɬɢɣ ɢɫ-
ɩɨɥɶɡɨɜɚɥɢ ɦɟɬɨɞ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɢɦɩɟɞɚɧɫɧɨɣ ɫɩɟɤɬɪɨɫɤɨɩɢɢ. Ɂɚɜɢɫɢɦɨɫɬɶ ɦɨɞɭ-
ɥɹ ɢɦɩɟɞɚɧɫɚ ɨɬ ɱɚɫɬɨɬɵ ɩɪɢɥɨɠɟɧɧɨɝɨ ɬɨɤɚ ɞɥɹ ɫɢɫɬɟɦ ɩɨɤɪɵɬɢɣ ɧɚ ɨɫɧɨɜɟ ɷɦɚɥɟɣ 
ɗɉ-140 ɢ ȼɗ-6λ ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ ɢ ɩɨɫɥɟ ɷɤɫɩɨɡɢɰɢɢ ɜ ɧɚɬɭɪɧɵɯ ɭɫɥɨɜɢɹɯ ɬɪɨ-
ɩɢɱɟɫɤɨɝɨ ɤɥɢɦɚɬɚ ɋɒȺ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. γ ɢ 4. ȼɟɥɢɱɢɧɨɣ, ɢɫɩɨɥɶɡɭɟɦɨɣ ɩɪɢ ɯɚ-
ɪɚɤɬɟɪɢɫɬɢɤɟ ɢɡɨɥɹɰɢɨɧɧɵɯ ɫɜɨɣɫɬɜ ɅɄɉ, ɹɜɥɹɟɬɫɹ ɜɟɥɢɱɢɧɚ ɦɨɞɭɥɹ ɢɦɩɟɞɚɧɫɚ ɩɪɢ 
ɱɚɫɬɨɬɟ 0,01 Ƚɰ. 

 
Ɍɚɛɥɢɰɚ 3 

ȼɟɥɢɱɢɧɚ ɦɨɞɭɥɹ ɢɦɩɟɞɚɧɫɚ ɩɪɢ ɱɚɫɬɨɬɟ 0,01 Ƚɰ ɞɥɹ ɫɢɫɬɟɦɵ ɩɨɤɪɵɬɢɣ  
ɧɚ ɨɫɧɨɜɟ ɷɦɚɥɢ ɗɉ-140 ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ ɢ ɩɨɫɥɟ ɷɤɫɩɨɡɢɰɢɢ  

ɜɨ Ɏɥɨɪɢɞɟ ɢ Ⱥɪɢɡɨɧɟ ɜ ɟɫɬɟɫɬɜɟɧɧɵɯ ɭɫɥɨɜɢɹɯ 

ɉɨɤɚɡɚɬɟɥɶ 

Ɂɧɚɱɟɧɢɹ ɩɨɤɚɡɚɬɟɥɹ ɫɢɫɬɟɦɵ ɩɨɤɪɵɬɢɹ ɧɚ ɨɫɧɨɜɟ ɷɦɚɥɢ ɗɉ-140 

ɜ ɢɫɯɨɞɧɨɦ 
ɫɨɫɬɨɹɧɢɢ 

ɩɨɫɥɟ ɷɤɫɩɨɡɢɰɢɢ  
ɜɨ Ɏɥɨɪɢɞɟ ɜ ɬɟɱɟɧɢɟ 

ɩɨɫɥɟ ɷɤɫɩɨɡɢɰɢɢ  
ɜ Ⱥɪɢɡɨɧɟ ɜ ɬɟɱɟɧɢɟ 

1 ɝɨɞɚ γ ɥɟɬ 1 ɝɨɞɚ γ ɥɟɬ 
|Z|f=0,01, Ɉɦ·ɫɦ2 β,γ6·109 1,λ1·108 7,5β·107 β,1β·108 β,0γ·108 

 
Ɍɚɛɥɢɰɚ 4 

ȼɟɥɢɱɢɧɚ ɦɨɞɭɥɹ ɢɦɩɟɞɚɧɫɚ ɩɪɢ ɱɚɫɬɨɬɟ 0,01 Ƚɰ ɞɥɹ ɫɢɫɬɟɦɵ ɩɨɤɪɵɬɢɣ  
ɧɚ ɨɫɧɨɜɟ ɷɦɚɥɢ ȼɗ-69 ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ ɢ ɩɨɫɥɟ ɷɤɫɩɨɡɢɰɢɢ  

ɜɨ Ɏɥɨɪɢɞɟ ɢ Ⱥɪɢɡɨɧɟ ɜ ɟɫɬɟɫɬɜɟɧɧɵɯ ɭɫɥɨɜɢɹɯ 

ɉɨɤɚɡɚɬɟɥɶ 

Ɂɧɚɱɟɧɢɹ ɩɨɤɚɡɚɬɟɥɹ ɫɢɫɬɟɦɵ ɩɨɤɪɵɬɢɹ ɧɚ ɨɫɧɨɜɟ ɷɦɚɥɢ ȼɗ-69 

ɜ ɢɫɯɨɞɧɨɦ 
ɫɨɫɬɨɹɧɢɢ 

ɩɨɫɥɟ ɷɤɫɩɨɡɢɰɢɢ  
ɜɨ Ɏɥɨɪɢɞɟ ɜ ɬɟɱɟɧɢɟ 

ɩɨɫɥɟ ɷɤɫɩɨɡɢɰɢɢ  
ɜ Ⱥɪɢɡɨɧɟ ɜ ɬɟɱɟɧɢɟ 

1 ɝɨɞɚ γ ɥɟɬ 1 ɝɨɞɚ γ ɥɟɬ 
|Z|f=0,01, Ɉɦ·ɫɦ2 5,50·109 5,15·109 4,κ7·109 5,β5·109 5,06·109 

 
ɂɡ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɜɢɞɧɨ, ɱɬɨ ɡɧɚɱɟɧɢɹ ɦɨɞɭɥɹ ɢɦɩɟɞɚɧɫɚ ɩɪɢ ɱɚ-

ɫɬɨɬɟ 0,01 Ƚɰ ɫɢɫɬɟɦɵ ɩɨɤɪɵɬɢɣ ɧɚ ɨɫɧɨɜɟ ɷɦɚɥɢ ɗɉ-140 ɦɟɧɶɲɟ, ɱɟɦ ɭ ɫɢɫɬɟɦɵ ɩɨ-
ɤɪɵɬɢɣ ɧɚ ɨɫɧɨɜɟ ɷɦɚɥɢ ȼɗ-6λ ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ, ɩɪɚɤɬɢɱɟɫɤɢ ɜ β,γ ɪɚɡɚ. ɉɪɢ ɷɬɨɦ 
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ɧɚɢɛɨɥɶɲɟɟ ɫɧɢɠɟɧɢɟ ɡɧɚɱɟɧɢɣ ɦɨɞɭɥɹ ɢɦɩɟɞɚɧɫɚ ɧɚɛɥɸɞɚɟɬɫɹ ɭ ɫɢɫɬɟɦɵ ɩɨɤɪɵɬɢɣ 
ɧɚ ɨɫɧɨɜɟ ɷɦɚɥɢ ɗɉ-140 ɩɨɫɥɟ ɷɤɫɩɨɡɢɰɢɢ ɜ ɭɫɥɨɜɢɹɯ ɤɥɢɦɚɬɚ Ɏɥɨɪɢɞɵ ɜ ɬɟɱɟɧɢɟ 
3 ɥɟɬ, ɱɬɨ ɤɨɪɪɟɥɢɪɭɟɬ ɫ ɞɚɧɧɵɦɢ ɩɨ ɢɡɦɟɧɟɧɢɸ ɞɟɤɨɪɚɬɢɜɧɵɯ ɢ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ 
ɫɜɨɣɫɬɜ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜ ɬɚɛɥ. 1, ɚ ɬɚɤɠɟ ɫ ɞɚɧɧɵɦɢ ɦɚɤɪɨ- ɢ ɦɢɤɪɨɫɬɪɭɤɬɭɪɧɵɯ ɢɫ-
ɫɥɟɞɨɜɚɧɢɣ (ɪɢɫ. 1–4). 

ɑɬɨ ɤɚɫɚɟɬɫɹ ɦɨɞɭɥɹ ɢɦɩɟɞɚɧɫɚ ɩɪɢ ɱɚɫɬɨɬɟ 0,01 Ƚɰ ɞɥɹ ɫɢɫɬɟɦɵ ɩɨɤɪɵɬɢɣ ɧɚ 
ɨɫɧɨɜɟ ɷɦɚɥɢ ȼɗ-69, ɬɨ ɹɜɧɵɯ ɨɬɥɢɱɢɣ ɜ ɢɡɦɟɧɟɧɢɢ ɢɡɨɥɹɰɢɨɧɧɵɯ ɫɜɨɣɫɬɜ ɜ ɩɪɟɞɫɬɚɜ-
ɥɟɧɧɵɯ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɡɨɧɚɯ ɧɟ ɡɚɦɟɱɟɧɨ. ɉɪɢ ɷɬɨɦ, ɬɚɤ ɠɟ ɤɚɤ ɢ ɜ ɫɥɭɱɚɟ ɫ ɩɨɤɪɵɬɢɟɦ 
ɷɦɚɥɢ ɗɉ-140, ɧɚɢɛɨɥɶɲɟɟ ɫɧɢɠɟɧɢɟ ɡɧɚɱɟɧɢɣ ɦɨɞɭɥɹ ɢɦɩɟɞɚɧɫɚ ɩɨɤɪɵɬɢɹ ɷɦɚɥɢ  
ȼɗ-6λ ɧɚɛɥɸɞɚɟɬɫɹ ɩɨɫɥɟ ɷɤɫɩɨɡɢɰɢɢ ɜ ɭɫɥɨɜɢɹɯ ɬɪɨɩɢɱɟɫɤɨɝɨ ɜɥɚɠɧɨɝɨ ɤɥɢɦɚɬɚ ɢ ɫɨ-
ɫɬɚɜɥɹɟɬ 11,45 %, ɬɨɝɞɚ ɤɚɤ ɜ ɭɫɥɨɜɢɹɯ ɬɪɨɩɢɱɟɫɤɨɝɨ ɫɭɯɨɝɨ ɤɥɢɦɚɬɚ κ %. 

ɇɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɨɫɥɟ ɷɤɫɩɨɡɢɰɢɢ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɨɛɪɚɡɰɨɜ ɫɢɫɬɟɦ 
ɅɄɉ ɜ ɭɫɥɨɜɢɹɯ ɬɪɨɩɢɱɟɫɤɨɝɨ ɤɥɢɦɚɬɚ ɋɒȺ ɤɨɪɪɨɡɢɨɧɧɵɯ ɪɚɡɪɭɲɟɧɢɣ ɧɚ ɨɛɪɚɡɰɚɯ  
ɧɟ ɨɛɧɚɪɭɠɟɧɨ. 

 
Ɂɚɤɥɸɱɟɧɢɹ 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜ ɭɫɥɨɜɢɹɯ ɬɪɨɩɢɱɟ-
ɫɤɨɝɨ ɜɥɚɠɧɨɝɨ ɤɥɢɦɚɬɚ Ɏɥɨɪɢɞɵ ɧɚɛɥɸɞɚɟɬɫɹ ɛɨɥɟɟ ɜɵɫɨɤɚɹ ɫɤɨɪɨɫɬɶ ɫɧɢɠɟɧɢɹ ɞɟ-
ɤɨɪɚɬɢɜɧɵɯ, ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɢ ɡɚɳɢɬɧɵɯ ɫɜɨɣɫɬɜ ɫɢɫɬɟɦ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɅɄɉ 
ɜɧɟ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɯɢɦɢɱɟɫɤɨɣ ɩɪɢɪɨɞɵ ɷɦɚɥɢ, ɱɟɦ ɜ ɭɫɥɨɜɢɹɯ ɫɭɯɨɝɨ ɬɪɨɩɢɱɟɫɤɨɝɨ 
ɤɥɢɦɚɬɚ Ⱥɪɢɡɨɧɵ. 

ɏɚɪɚɤɬɟɪ ɫɬɪɭɤɬɭɪɧɵɯ ɢɡɦɟɧɟɧɢɣ ɩɨɤɪɵɜɧɨɝɨ ɫɥɨɹ ɅɄɉ ɜ ɩɪɨɰɟɫɫɟ ɷɤɫɩɨɡɢɰɢɢ 
ɡɚɜɢɫɢɬ ɨɬ ɯɢɦɢɱɟɫɤɨɣ ɩɪɢɪɨɞɵ ɷɦɚɥɢ. Ɋɟɡɭɥɶɬɚɬɵ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɢɫɩɵɬɚɧɢɣ ɢ ɚɧɚɥɢɡ 
ɞɚɧɧɵɯ ɩɨ ɢɡɦɟɧɟɧɢɸ ɫɜɨɣɫɬɜ ɅɄɉ ɩɨɫɥɟ ɷɤɫɩɨɡɢɰɢɢ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɩɨɤɪɵɬɢɟ ɧɚ ɨɫɧɨ-
ɜɟ ɷɦɚɥɢ ȼɗ-6λ ɩɪɨɹɜɥɹɟɬ ɜɵɫɨɤɭɸ ɫɬɨɣɤɨɫɬɶ ɤ ɜɨɡɞɟɣɫɬɜɢɸ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ, 
ɜ ɬɨɦ ɱɢɫɥɟ ɜ ɭɫɥɨɜɢɹɯ ɧɚɢɛɨɥɟɟ ɚɝɪɟɫɫɢɜɧɨɝɨ ɬɪɨɩɢɱɟɫɤɨɝɨ ɜɥɚɠɧɨɝɨ ɤɥɢɦɚɬɚ. 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɫ ɩɨɦɨɳɶɸ ɦɟɬɨɞɚ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɢɦɩɟɞɚɧɫɧɨɣ ɫɩɟɤɬɪɨɫɤɨ-
ɩɢɢ ɩɨɤɚɡɚɥɨ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɟɟ ɜɵɫɨɤɢɟ ɢɡɨɥɹɰɢɨɧɧɵɟ ɫɜɨɣɫɬɜɚ ɫɢɫɬɟɦɵ ɩɨɤɪɵɬɢɣ ɧɚ 
ɨɫɧɨɜɟ ɷɦɚɥɢ ȼɗ-6λ, ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɫɢɫɬɟɦɨɣ ɩɨɤɪɵɬɢɣ ɧɚ ɨɫɧɨɜɟ ɷɦɚɥɢ ɗɉ-140, ɭɠɟ ɜ 
ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ, ɤɨɬɨɪɵɟ ɫɨɯɪɚɧɹɸɬɫɹ ɜ ɬɟɱɟɧɢɟ ɜɫɟɣ ɷɤɫɩɨɡɢɰɢɢ ɜ ɭɫɥɨɜɢɹɯ ɬɪɨ-
ɩɢɱɟɫɤɨɝɨ ɤɥɢɦɚɬɚ. 

ɂɫɩɨɥɶɡɭɟɦɵɟ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɦɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɹ – ɨɰɟɧɤɚ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ 
ɢ ɦɨɞɭɥɹ ɢɦɩɟɞɚɧɫɚ – ɦɨɝɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɞɥɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɨɰɟɧɤɢ ɩɨɤɪɵɬɢɹ ɫ 
ɬɨɱɤɢ ɡɪɟɧɢɹ ɟɝɨ ɜɨɡɦɨɠɧɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ ɜ ɭɫɥɨɜɢɹɯ ɬɪɨɩɢɱɟɫɤɨɝɨ, ɜ ɬɨɦ ɱɢɫɥɟ ɜɥɚɠ-
ɧɨɝɨ, ɤɥɢɦɚɬɚ. 
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Аɧɧɨɬɚɰиɹ. Ɋɚɫɫɦɨɬɪɟɧɵ ɮɢɡɢɱɟɫɤɚɹ ɢ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɢ ɬɟɩɥɨɩɟɪɟɧɨɫɚ ɩɪɢ 
ɩɪɨɜɟɞɟɧɢɢ ɢɡɦɟɪɟɧɢɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɭɝɥɟɩɥɚɫɬɢɤɚ ɦɟɬɨɞɨɦ ɥɚɡɟɪɧɨɣ ɜɫɩɵɲɤɢ. Иɫ-
ɫɥɟɞɨɜɚɧɢɟ ɩɪɨɜɨɞɢɥɨɫɶ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɤɨɧɮɢɝɭɪɚɰɢɣ ɨɛɪɚɡɰɚ ɫ ɫɨɨɬɧɨɲɟɧɢɟɦ ɬɨɥɳɢɧɵ 
ɤ ɯɚɪɚɤɬɟɪɧɨɦɭ ɪɚɡɦɟɪɭ ɨɬ 0,1 ɞɨ 0,4. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɨɥɳɢɧɵ ɨɛ-
ɪɚɡɰɚ ɬɟɦɩɟɪɚɬɭɪɧɨɟ ɩɨɥɟ ɧɚ ɟɝɨ ɬɵɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɪɢɧɢɦɚɟɬ ɛɨɥɟɟ ɪɚɜɧɨɦɟɪɧɵɣ 
ɜɢɞ, ɢ ɫɧɢɠɚɟɬɫɹ ɪɚɡɧɨɫɬɶ ɦɚɤɫɢɦɚɥɶɧɨɣ ɢ ɦɢɧɢɦɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɜɟɪɯɧɨɫɬɢ. 
ɇɚɪɹɞɭ ɫ ɷɬɢɦ ɧɟɥɢɧɟɣɧɨ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɜɪɟɦɹ ɫɱɢɬɵɜɚɧɢɹ ɫɢɝɧɚɥɚ, ɜɟɞɭɳɟɟ ɤ ɭɜɟɥɢɱɟ-
ɧɢɸ ɞɥɢɬɟɥɶɧɨɫɬɢ ɩɪɨɜɟɞɟɧɢɹ ɢɡɦɟɪɟɧɢɹ ɢ ɧɚɤɨɩɥɟɧɢɸ ɲɭɦɨɜ. 

Кɥɸɱеɜые ɫɥɨɜɚ: ɭɝɥɟɩɥɚɫɬɢɤ, ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ, 
ɬɟɩɥɨɟɦɤɨɫɬɶ, ɦɟɬɨɞ ɥɚɡɟɪɧɨɣ ɜɫɩɵɲɤɢ, ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ, ɬɟɩɥɨɩɟɪɟɧɨɫ 
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Abstract. Considers the physical and mathematical models of heat transfer when measuring 
the thermal conductivity of CFRP by the laser flash method. The study was carried out for vari-
ous configurations of the sample with a ratio of thickness to characteristic size from 0.1 to 0.4. 
It was found that with an increase in the thickness of the sample, the temperature field on the 
rear surface of the sample takes on a more uniform form and the difference between the maxi-
mum and minimum surface temperatures decreases. Along with this, the signal readout time in-
creases nonlinearly, leading to an increase in the duration of the measurement and the accumu-
lation of noise. 
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ȼɜɟɞɟɧɢɟ 
ɉɨɥɢɦɟɪɧɵɟ ɤɨɦɩɨɡɢɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ (ɉɄɆ) ɧɚɯɨɞɹɬ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ 

ɜ ɪɚɡɥɢɱɧɵɯ ɨɛɥɚɫɬɹɯ ɦɚɲɢɧɨɫɬɪɨɟɧɢɹ: ɚɜɢɚɰɢɨɧɧɨɣ ɢ ɪɚɤɟɬɧɨ-ɤɨɫɦɢɱɟɫɤɨɣ ɨɬɪɚɫɥɹɯ, 
ɫɭɞɨɫɬɪɨɟɧɢɢ, ɚɜɬɨɦɨɛɢɥɶɧɨɣ ɢ ɦɧɨɝɢɯ ɞɪɭɝɢɯ ɨɬɪɚɫɥɹɯ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ Д1Ж. Ɉɧɢ ɨɬ-
ɥɢɱɚɸɬɫɹ ɜɵɫɨɤɢɦɢ ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɧɚɪɹɞɭ ɫ ɧɢɡɤɨɣ ɩɥɨɬɧɨɫɬɶɸ, 
ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɢɦ ɭɫɩɟɲɧɨ ɤɨɧɤɭɪɢɪɨɜɚɬɶ ɫ ɚɥɸɦɢɧɢɟɜɵɦɢ ɢ ɬɢɬɚɧɨɜɵɦɢ ɫɩɥɚɜɚɦɢ 
ɩɪɢ ɫɨɡɞɚɧɢɢ ɷɥɟɦɟɧɬɨɜ ɤɨɧɫɬɪɭɤɰɢɢ ДβЖ. 

ɋɨɜɪɟɦɟɧɧɵɟ ɉɄɆ, ɤɚɤ ɩɪɚɜɢɥɨ, ɹɜɥɹɸɬɫɹ ɞɜɭɯɮɚɡɧɵɦɢ ɫɢɫɬɟɦɚɦɢ, ɫɨɫɬɨɹɳɢ-
ɦɢ ɢɡ ɚɪɦɢɪɭɸɳɟɝɨ ɧɚɩɨɥɧɢɬɟɥɹ (ɧɚ ɨɫɧɨɜɟ ɬɤɚɧɟɣ, ɠɝɭɬɨɜ, ɪɭɛɥɟɧɵɯ ɜɨɥɨɤɨɧ, ɞɢɫ-
ɩɟɪɫɧɵɯ ɱɚɫɬɢɰ ɢ ɞɪ.) ɢ ɩɨɥɢɦɟɪɧɨɝɨ ɫɜɹɡɭɸɳɟɝɨ (ɷɩɨɤɫɢɞɧɨɝɨ, ɮɟɧɨɥɶɧɨɝɨ, ɩɨɥɢ-
ɷɮɢɪɧɨɝɨ ɢ ɞɪ.). ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɪɟɞɩɪɢɹɬɢɹɦɢ ɫɨɡɞɚɧɨ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɉɄɆ 
ɪɚɡɥɢɱɧɵɯ ɤɥɚɫɫɨɜ: ɭɝɥɟɩɥɚɫɬɢɤɢ, ɫɬɟɤɥɨɩɥɚɫɬɢɤɢ, ɛɨɪɨɩɥɚɫɬɢɤɢ, ɨɪɝɚɧɨɩɥɚɫɬɢɤɢ ɢ 
ɦɧɨɝɢɟ ɞɪɭɝɢɟ Дγ, 4Ж. Ɉɧɢ ɨɬɥɢɱɚɸɬɫɹ ɤɚɤ ɬɢɩɚɦɢ ɩɪɢɦɟɧɹɟɦɵɯ ɫɜɹɡɭɸɳɟɝɨ ɢ ɚɪɦɢɪɭ-
ɸɳɟɝɨ ɧɚɩɨɥɧɢɬɟɥɹ, ɬɚɤ ɢ ɜɢɞɨɦ ɩɥɟɬɟɧɢɹ (ɨɞɧɨ-, ɞɜɭɯ- ɢ ɬɪɟɯɦɟɪɧɨɟ) ɢ ɨɪɢɟɧɬɚɰɢɟɣ 
ɚɪɦɢɪɭɸɳɟɝɨ ɧɚɩɨɥɧɢɬɟɥɹ. ɋɭɳɟɫɬɜɭɸɬ ɝɢɛɪɢɞɧɵɟ ɉɄɆ, ɫɨɫɬɨɹɳɢɟ ɢɡ ɪɚɡɥɢɱɧɵɯ 
ɬɢɩɨɜ ɦɚɬɟɪɢɚɥɨɜ – ɧɚɩɪɢɦɟɪ, ɫɬɟɤɥɨɭɝɥɟɩɥɚɫɬɢɤɢ Д5Ж. ɉɟɪɫɩɟɤɬɢɜɧɵɦ ɹɜɥɹɟɬɫɹ ɢɡɝɨ-
ɬɨɜɥɟɧɢɟ ɫɥɨɢɫɬɵɯ ɦɟɬɚɥɥɨɩɨɥɢɦɟɪɧɵɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ Д6Ж.  

ɉɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɞɟɬɚɥɟɣ ɢ ɷɥɟɦɟɧɬɨɜ ɤɨɧɫɬɪɭɤɰɢɢ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɨɞɢɬɶ ɪɚɫ-
ɱɟɬɧɨ-ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɨɩɪɟɞɟɥɟɧɢɟ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɢɡɞɟɥɢɹ ɩɪɢ 
ɟɝɨ ɢɧɬɟɝɪɚɰɢɢ ɜ ɤɨɧɫɬɪɭɤɰɢɸ Д7Ж. ɇɟɪɟɞɤɨ ɩɪɢɦɟɧɹɸɬɫɹ ɦɟɬɨɞɵ ɱɢɫɥɟɧɧɵɯ ɪɚɫɱɟɬɨɜ 
ɢ ɤɨɦɩɶɸɬɟɪɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ Дκ–10Ж. Ɋɚɫɱɟɬ ɭɩɪɭɝɨ-ɩɪɨɱɧɨɫɬɧɵɯ ɫɜɨɣɫɬɜ ɢ ɬɟɩɥɨɜɨ-
ɝɨ ɫɨɫɬɨɹɧɢɹ ɧɟɜɨɡɦɨɠɟɧ ɛɟɡ ɩɪɚɜɢɥɶɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɢ ɮɢɡɢɤɨ-
ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɦɚɬɟɪɢɚɥɚ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɨɬɟɱɟɫɬɜɟɧɧɨɣ ɢ ɡɚɪɭɛɟɠɧɨɣ 
ɩɪɨɦɵɲɥɟɧɧɨɫɬɶɸ ɜɵɩɭɫɤɚɟɬɫɹ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɥɚɛɨɪɚɬɨɪɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, 
ɩɨɡɜɨɥɹɸɳɟɝɨ ɩɪɨɜɨɞɢɬɶ ɢɫɫɥɟɞɨɜɚɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɪɚɡɥɢɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɫ ɜɵɫɨ-
ɤɨɣ ɬɨɱɧɨɫɬɶɸ Д11Ж. 

Ɉɫɧɨɜɧɵɦɢ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ, ɨɩɪɟɞɟɥɹɸɳɢɦɢ ɩɚɪɚɦɟɬɪɵ 
ɩɪɨɰɟɫɫɨɜ ɬɟɩɥɨɩɟɪɟɧɨɫɚ, ɹɜɥɹɸɬɫɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ, ɭɞɟɥɶɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɢ ɩɥɨɬ-
ɧɨɫɬɶ Д1βЖ. ɍɞɟɥɶɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɧɟɨɛɯɨɞɢɦɨɣ 
ɞɥɹ ɢɡɦɟɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɟɞɢɧɢɰɵ ɦɚɫɫɵ ɦɚɬɟɪɢɚɥɚ ɧɚ ɧɟɤɨɬɨɪɭɸ ɜɟɥɢɱɢɧɭ. ɉɪɢ ɟɟ 
ɢɡɦɟɪɟɧɢɢ ɤɥɸɱɟɜɵɦ ɩɚɪɚɦɟɬɪɨɦ ɨɛɪɚɡɰɚ ɹɜɥɹɟɬɫɹ ɟɝɨ ɦɚɫɫɚ, ɤɨɬɨɪɚɹ ɧɟ ɡɚɜɢɫɢɬ ɨɬ 
ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɢ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɮɨɪɦɵ ɨɛɪɚɡɰɚ. ɉɥɨɬɧɨɫɬɶ – ɷɬɨ ɮɭɧɤɰɢɹ ɦɚɫɫɵ ɨɛɪɚɡ-
ɰɚ ɢ ɟɝɨ ɨɛɴɟɦɚ, ɤɨɬɨɪɵɣ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɡɚɜɢɫɢɬ ɨɬ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ. ɋɨɜɪɟɦɟɧɧɵɟ ɦɟ-
ɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨɡɜɨɥɹɸɬ ɞɨɫɬɚɬɨɱɧɨ ɬɨɱɧɨ ɨɩɪɟɞɟɥɹɬɶ ɨɛɴɟɦ ɨɛɪɚɡɰɚ – ɧɚɩɪɢɦɟɪ, 
ɦɟɬɨɞɚɦɢ ɨɛɦɟɪɚ, ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɜɡɜɟɲɢɜɚɧɢɹ ɢɥɢ ɝɚɡɨɜɨɣ ɩɢɤɧɨɦɟɬɪɢɢ. 

Ɍɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɦɚɬɟɪɢɚɥɚ – ɷɬɨ ɤɨɦɩɥɟɤɫɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ, ɡɚɜɢɫɹɳɚɹ ɨɬ 
ɪɹɞɚ ɮɚɤɬɨɪɨɜ, ɬɚɤɢɯ ɤɚɤ ɬɟɦɩɟɪɚɬɭɪɚ, ɞɚɜɥɟɧɢɟ, ɩɥɨɬɧɨɫɬɶ ɦɚɬɟɪɢɚɥɚ, ɟɝɨ ɦɢɤɪɨɫɬɪɭɤ-
ɬɭɪɚ ɢ ɩɨɪɢɫɬɨɫɬɶ. Ⱦɥɹ ɩɨɪɨɲɤɨɨɛɪɚɡɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦɢ ɜɚɠɧɵɦɢ ɩɚ-
ɪɚɦɟɬɪɚɦɢ ɹɜɥɹɸɬɫɹ ɪɚɡɦɟɪ ɱɚɫɬɢɰ ɢ ɩɥɨɬɧɨɫɬɶ ɢɯ ɭɩɚɤɨɜɤɢ, ɚ ɞɥɹ ɉɄɆ – ɬɢɩ ɩɥɟɬɟ-
ɧɢɹ ɬɤɚɧɢ, ɫɯɟɦɚ ɚɪɦɢɪɨɜɚɧɢɹ ɢ ɫɨɞɟɪɠɚɧɢɟ ɫɜɹɡɭɸɳɟɝɨ. 

ɐɟɥɶ ɞɚɧɧɨɣ ɪɚɛɨɬɵ – ɜɵɹɜɥɟɧɢɟ ɨɩɬɢɦɚɥɶɧɵɯ ɪɚɡɦɟɪɨɜ ɨɛɪɚɡɰɨɜ ɞɥɹ ɢɡɦɟɪɟ-
ɧɢɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɩɭɬɟɦ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɬɟɩɥɨɩɟɪɟɧɨɫɚ ɜ ɦɚɬɟɪɢ-
ɚɥɟ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɢɡɦɟɪɟɧɢɣ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɪɟɚɥɢɡɚɰɢɢ ɤɨɦɩɥɟɤɫɧɨɣ ɧɚɭɱɧɨɣ ɩɪɨɛɥɟɦɵ β.β. 
«Ʉɜɚɥɢɮɢɤɚɰɢɹ ɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɚɬɟɪɢɚɥɨɜ» («ɋɬɪɚɬɟɝɢɱɟɫɤɢɟ ɧɚɩɪɚɜɥɟɧɢɹ ɪɚɡɜɢɬɢɹ 
ɦɚɬɟɪɢɚɥɨɜ ɢ ɬɟɯɧɨɥɨɝɢɣ ɢɯ ɩɟɪɟɪɚɛɨɬɤɢ ɧɚ ɩɟɪɢɨɞ ɞɨ β0γ0 ɝɨɞɚ») Д1γЖ. 
 

Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ 
ȼ ɤɚɱɟɫɬɜɟ ɨɛɴɟɤɬɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɵɛɪɚɧ ɭɝɥɟɩɥɚɫɬɢɤ ɧɚ ɨɫɧɨɜɟ ɪɚɜɧɨɩɪɨɱɧɨɣ 

ɭɝɥɟɪɨɞɧɨɣ ɬɤɚɧɢ ɢ ɷɩɨɤɫɢɞɧɨɝɨ ɫɜɹɡɭɸɳɟɝɨ. Ⱦɥɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɤɥɚɫɫɚ ɉɄɆ  
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ɲɢɪɨɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɫɪɟɞɢ ɦɟɬɨɞɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɩɨɥɭɱɢɥ ɧɟ-
ɫɬɚɰɢɨɧɚɪɧɵɣ ɢɦɩɭɥɶɫɧɵɣ ɦɟɬɨɞ. Ɇɟɬɨɞ ɹɜɥɹɟɬɫɹ ɚɛɫɨɥɸɬɧɵɦ, ɧɟ ɬɪɟɛɭɸɳɢɦ ɤɚɥɢɛ-
ɪɨɜɤɢ, ɨɞɧɚɤɨ ɧɚɤɥɚɞɵɜɚɟɬ ɨɩɪɟɞɟɥɟɧɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɩɨɞɝɨɬɨɜɤɟ ɨɛɪɚɡɰɨɜ ɞɥɹ ɢɫɫɥɟ-
ɞɨɜɚɧɢɣ. Ɍɚɤ, ɜ ɢɞɟɚɥɶɧɨɦ ɫɥɭɱɚɟ ɨɛɪɚɡɰɵ ɞɨɥɠɧɵ ɩɪɟɞɫɬɚɜɥɹɬɶ ɫɨɛɨɣ ɬɨɧɤɢɟ ɞɢɫɤɢ ɫ 
ɧɢɡɤɢɦɢ ɲɟɪɨɯɨɜɚɬɨɫɬɶɸ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɨɬɤɥɨɧɟɧɢɟɦ ɨɬ ɩɥɨɫɤɨɩɚɪɚɥɥɟɥɶɧɨɫɬɢ ɮɪɨɧ-
ɬɚɥɶɧɨɣ ɢ ɬɵɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɟɣ.  

ɉɪɢ ɢɡɦɟɪɟɧɢɹɯ ɦɟɬɨɞɨɦ ɜɫɩɵɲɤɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɨɩɪɟɞɟɥɹɟɬɫɹ ɪɚɫɱɟɬɧɵɦ 
ɩɭɬɟɦ ɫɨɝɥɚɫɧɨ ɜɵɪɚɠɟɧɢɸ 

λ = a · cp · ρ, 
ɝɞɟ ɚ – ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɶ, ɦ2/ɫ; cp – ɭɞɟɥɶɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ, Ⱦɠ/(ɤɝ·Ʉ); ρ – ɩɥɨɬɧɨɫɬɶ, 
ɤɝ/ɦ3. 

 
ɉɪɢ ɷɬɨɦ ɬɪɟɛɭɸɬɫɹ ɢɡɦɟɪɟɧɢɹ ɬɟɩɥɨɟɦɤɨɫɬɢ, ɩɥɨɬɧɨɫɬɢ ɢ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞ-

ɧɨɫɬɢ ɧɚ ɬɪɟɯ ɩɪɢɛɨɪɚɯ. Ɍɟɩɥɨɟɦɤɨɫɬɶ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ ɢɡɦɟɪɹɥɢ ɧɚ ɞɢɮ-
ɮɟɪɟɧɰɢɚɥɶɧɨɦ ɫɤɚɧɢɪɭɸɳɟɦ ɤɚɥɨɪɢɦɟɬɪɟ DSCβ04F1 ɮɢɪɦɵ σОЭгsМС ɩɨ ɦɟɬɨɞɢɤɟ ɢɡ 
ȽɈɋɌ Ɋ 56754–β015 Д14Ж. Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɢɡɦɟɪɟɧɢɣ ɢɫɩɨɥɶɡɨɜɚɥɢ ɚɥɸɦɢɧɢɟɜɵɟ ɬɢɝɥɢ 
ɨɛɴɟɦɨɦ β5 ɦɤɥ ɫ ɤɪɵɲɤɨɣ, ɜ ɤɨɬɨɪɨɣ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɝɚɡɨɨɛɦɟɧɚ ɫ ɢɡɦɟɪɢɬɟɥɶɧɨɣ 
ɹɱɟɣɤɨɣ ɫ ɩɨɦɨɳɶɸ ɢɝɥɵ ɫɞɟɥɚɧɨ ɨɬɜɟɪɫɬɢɟ. ɇɚɝɪɟɜ ɨɫɭɳɟɫɬɜɥɹɥɢ ɫɨ ɫɤɨɪɨɫɬɶɸ 
5 Ʉ/ɦɢɧ ɜ ɫɪɟɞɟ ɚɪɝɨɧɚ, ɩɪɨɞɭɜɚɟɦɨɝɨ ɱɟɪɟɡ ɢɡɦɟɪɢɬɟɥɶɧɭɸ ɹɱɟɣɤɭ ɫ ɪɚɫɯɨɞɨɦ 
50 ɦɥ/ɦɢɧ. Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɨɩɬɢɦɚɥɶɧɨɝɨ ɤɨɧɬɚɤɬɚ ɨɛɪɚɡɰɚ ɫ ɞɧɨɦ ɬɢɝɥɹ ɢɫɩɨɥɶɡɨɜɚɥɢ 
ɭɩɥɨɬɧɟɧɧɵɣ ɩɨɪɨɲɨɤ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ. ɋɭɬɶ ɦɟɬɨɞɚ ɫɨɫɬɨɢɬ ɜ ɥɢɧɟɣɧɨɦ ɧɚɝɪɟɜɟ ɞɜɭɯ 
ɬɢɝɥɟɣ: ɩɭɫɬɨɝɨ ɢ ɫ ɢɫɫɥɟɞɭɟɦɵɦ ɨɛɪɚɡɰɨɦ, ɢ ɪɟɝɢɫɬɪɚɰɢɢ ɪɚɡɧɨɫɬɢ ɢɯ ɬɟɦɩɟɪɚɬɭɪ ɫ ɩɨ-
ɦɨɳɶɸ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɬɟɪɦɨɩɚɪɵ. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɫɭɞɹɬ ɨ ɬɟɩɥɨɜɵɯ ɩɪɨɰɟɫɫɚɯ, ɩɪɨ-
ɢɫɯɨɞɹɳɢɯ ɜ ɨɛɪɚɡɰɟ. ɉɪɢ ɫɪɚɜɧɟɧɢɢ ɩɨɥɭɱɟɧɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɤɪɢɜɨɣ 
ɩɨɫɥɟ ɢɡɦɟɪɟɧɢɹ ɫɬɚɧɞɚɪɬɧɨɝɨ ɜɟɳɟɫɬɜɚ (ɫɚɩɮɢɪ, ɤɨɪɭɧɞ) ɦɟɬɨɞɨɦ ɨɬɧɨɲɟɧɢɹ ɨɩɪɟɞɟɥɹɥɢ 
ɬɟɩɥɨɟɦɤɨɫɬɶ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɪɢ ɜɨɡɧɢɤɧɨɜɟɧɢɢ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ, ɩɪɟɜɪɚɳɟɧɢɢ 
ɢɥɢ ɢɧɵɯ ɩɪɨɰɟɫɫɚɯ ɜ ɦɚɬɟɪɢɚɥɟ ɨɩɪɟɞɟɥɢɬɶ ɬɟɩɥɨɟɦɤɨɫɬɶ ɧɟ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɵɦ. 
ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɩɪɨɜɟɞɟɧɚ ɤɚɥɢɛɪɨɜɤɚ ɩɪɢɛɨɪɚ ɩɨ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɢ ɬɟɦɩɟɪɚɬɭɪɟ, ɞɥɹ 
ɱɟɝɨ ɩɪɢɦɟɧɹɥɢ ɫɬɚɧɞɚɪɬɧɵɟ ɜɟɳɟɫɬɜɚ, ɬɚɤɢɟ ɤɚɤ IЧ, SЧ, ψТ, ГЧ. 

Ⱦɥɹ ɢɡɦɟɪɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ ɢɦɩɭɥɶɫɧɵɦ ɦɟɬɨɞɨɦ ɢɫɩɨɥɶɡɨɜɚɥɢ ɩɪɢ-
ɛɨɪ δFχ457 ɮɢɪɦɵ σОЭгsМС. ɂɫɩɵɬɚɧɢɹ ɩɪɨɜɨɞɢɥɢ ɩɨ ɦɟɬɨɞɢɤɟ ɢɡ ȽɈɋɌ Ɋ 57λ4γ–2017 
[15, 16]. ȼ ɩɪɨɰɟɫɫɟ ɢɡɦɟɪɟɧɢɹ ɭɫɬɚɧɨɜɥɟɧɧɵɣ ɜ ɩɪɨɛɨɞɟɪɠɚɬɟɥɟ ɨɛɪɚɡɟɰ ɫ ɩɨɦɨɳɶɸ 
ɩɟɱɢ ɧɚɝɪɟɜɚɥɢ ɞɨ ɡɚɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ. ɉɨɫɥɟ ɬɨɝɨ ɤɚɤ ɬɟɦɩɟɪɚɬɭɪɚ ɫɬɚɛɢɥɢɡɢɪɭɟɬɫɹ 
ɢ ɭɫɬɚɧɨɜɹɬɫɹ ɢɡɨɬɟɪɦɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ, ɩɪɨɢɫɯɨɞɢɬ ɜɵɫɬɪɟɥ ɢɦɩɭɥɶɫɧɨɝɨ ɥɚɡɟɪɚ ɞɥɢ-
ɬɟɥɶɧɨɫɬɶɸ 0,γ ɦɫ. ɗɧɟɪɝɢɹ ɥɚɡɟɪɚ ɩɨɝɥɨɳɚɟɬɫɹ ɮɪɨɧɬɚɥɶɧɨɣ (ɧɢɠɧɟɣ) ɩɨɜɟɪɯɧɨɫɬɶɸ 
ɨɛɪɚɡɰɚ. ɂɡɦɟɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɨɬ ɜɪɟɦɟɧɢ ɬɵɥɶɧɨɣ (ɜɟɪɯɧɟɣ) ɩɨɜɟɪɯɧɨɫɬɢ  
ɨɛɪɚɡɰɚ ɫɱɢɬɵɜɚɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɛɟɫɤɨɧɬɚɤɬɧɨɝɨ ɞɚɬɱɢɤɚ, ɪɚɫɩɨɥɨɠɟɧɧɨɝɨ ɜ ɜɟɪɯɧɟɣ 
ɱɚɫɬɢ ɩɪɢɛɨɪɚ. Ɉɛɪɚɛɨɬɤɭ ɩɨɥɭɱɟɧɧɨɝɨ ɫɢɝɧɚɥɚ ɨɫɭɳɟɫɬɜɥɹɥɢ ɫ ɩɨɦɨɳɶɸ ɪɹɞɚ ɦɚɬɟɦɚ-
ɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɨɩɪɟɞɟɥɹɥɢ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɶ ɦɚɬɟɪɢɚɥɚ. 
ɉɟɪɟɞ ɩɪɨɜɟɞɟɧɢɟɦ ɢɡɦɟɪɟɧɢɣ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɨɛɪɚɡɰɚ ɧɚɧɨɫɢɥɢ ɩɨɤɪɵɬɢɟ ɜ ɜɢɞɟ ɬɨɧ-
ɤɨɝɨ (ɬɨɥɳɢɧɨɣ з5 ɦɤɦ) ɫɥɨɹ ɝɪɚɮɢɬɚ. ɗɬɨ ɧɟɨɛɯɨɞɢɦɨ ɞɥɹ ɫɨɡɞɚɧɢɹ ɬɪɟɛɭɟɦɵɯ ɨɩɬɢ-
ɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɩɨɜɟɪɯɧɨɫɬɢ, ɨɛɟɫɩɟɱɟɧɢɹ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ, ɩɨɥɧɨɝɨ ɩɨɝɥɨɳɟ-
ɧɢɹ ɷɧɟɪɝɢɢ ɥɚɡɟɪɚ ɩɨɜɟɪɯɧɨɫɬɶɸ ɢ ɫɧɢɠɟɧɢɹ ɩɨɝɪɟɲɧɨɫɬɢ ɢɡɦɟɪɟɧɢɣ Д17Ж.  

ɉɥɨɬɧɨɫɬɶ ɦɚɬɟɪɢɚɥɚ ɨɩɪɟɞɟɥɹɥɢ ɦɟɬɨɞɨɦ ɨɛɦɟɪɚ ɢ ɜɡɜɟɲɢɜɚɧɢɹ ɩɨ ɦɟɬɨɞɢɤɟ ɢɡ 
ȽɈɋɌ 151γλ–69, ɫɭɬɶ ɤɨɬɨɪɨɣ ɫɨɫɬɨɢɬ ɜ ɢɡɦɟɪɟɧɢɢ ɪɚɡɦɟɪɨɜ ɨɛɪɚɡɰɚ ɢ ɟɝɨ ɦɚɫɫɵ Д1κЖ. 
ȼ ɢɞɟɚɥɶɧɨɦ ɫɥɭɱɚɟ ɢɫɩɨɥɶɡɭɸɬ ɨɛɪɚɡɟɰ ɜ ɜɢɞɟ ɩɥɨɫɤɨɝɨ ɬɨɧɤɨɝɨ ɞɢɫɤɚ, ɬɨɝɞɚ ɪɚɫɫɦɚɬ-
ɪɢɜɚɟɦɵɣ ɦɚɬɟɪɢɚɥ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɚɧɢɡɨɬɪɨɩɧɵɦ. ɉɪɢ ɷɬɨɦ ɟɝɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɟ 
ɫɜɨɣɫɬɜɚ ɜ ɧɚɩɪɚɜɥɟɧɢɹɯ ɨɫɧɨɜɵ ɢ ɭɬɤɚ ɨɞɢɧɚɤɨɜɵ. ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɫɜɹɡɭɸɳɟɟ 
ɩɨɥɧɨɫɬɶɸ ɡɚɩɨɥɧɹɟɬ ɦɟɠɜɨɥɨɤɨɧɧɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ, ɚ ɨɛɴɟɦɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɩɨɪ ɜ ɦɚ-
ɬɟɪɢɚɥɟ ɧɟɡɧɚɱɢɬɟɥɶɧɨ. 
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ȼ ɨɫɧɨɜɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɬɟɩɥɨɩɟɪɟɧɨɫɚ ɜ ɨɛɪɚɡɰɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɧɟɫɬɚ-
ɰɢɨɧɚɪɧɨɟ ɧɟɥɢɧɟɣɧɨɟ ɭɪɚɜɧɟɧɢɟ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɫ ɧɚɱɚɥɶɧɵɦɢ ɢ ɝɪɚɧɢɱɧɵɦɢ ɭɫɥɨ-
ɜɢɹɦɢ. Ɉɛɳɟɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɨɩɢɫɚɧɢɹ ɡɚɞɚɱɢ ɢɦɟɟɬ ɜɢɞ 

 ,gradλ div
Ĳ

ρ T
T

cp 
  

ɝɞɟ ρ – ɩɥɨɬɧɨɫɬɶ, ɤɝ/ɦ3; ɫp – ɭɞɟɥɶɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ, Ⱦɠ/(ɤɝ·Ʉ); λ – ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ, 
ȼɬ/(ɦ·Ʉ); T – ɬɟɦɩɟɪɚɬɭɪɚ, Ʉ; Ĳ – ɜɪɟɦɹ ɫɱɢɬɵɜɚɧɢɹ, ɫ. 

 
ȼ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɜ ɩɪɢɛɨɪɟ ɥɚɡɟɪɧɨɣ ɜɫɩɵɲɤɢ ɧɟɥɶɡɹ ɢɫɫɥɟɞɨɜɚɬɶ ɨɛɪɚɡɰɵ ɩɪɢ 

ɬɟɦɩɟɪɚɬɭɪɚɯ ɛɨɥɶɲɟ ɧɚɱɚɥɚ ɞɟɫɬɪɭɤɰɢɢ, ɫɱɢɬɚɟɬɫɹ, ɱɬɨ ɮɚɡɨɜɵɯ ɩɪɟɜɪɚɳɟɧɢɣ ɜ ɦɚɬɟ-
ɪɢɚɥɟ ɧɟ ɩɪɨɢɫɯɨɞɢɬ. ȼ ɧɚɱɚɥɶɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɦɚɬɟɪɢɚɥ ɢɦɟɟɬ ɩɨɫɬɨɹɧɧɭɸ ɬɟɦ-
ɩɟɪɚɬɭɪɭ. 

Ƚɪɚɧɢɱɧɵɦɢ ɭɫɥɨɜɢɹɦɢ ɜ ɞɚɧɧɨɣ ɩɨɫɬɚɧɨɜɤɟ ɡɚɞɚɱɢ ɹɜɥɹɸɬɫɹ ɪɚɞɢɚɰɢɨɧɧɵɣ 
ɬɟɩɥɨɨɛɦɟɧ ɫ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɨɣ ɢ ɩɨɞɜɨɞɢɦɵɣ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ ɧɚ ɮɪɨɧɬɚɥɶɧɨɣ ɩɨ-
ɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɚ, ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɜɵɪɚɠɚɬɶɫɹ ɤɚɤ ɩɪɢɜɟɞɟɧɧɵɣ ɤ ɩɨɜɟɪɯɧɨɫɬɢ ɫɧɚɪɭ-
ɠɢ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ ɢɥɢ ɤɚɤ ɥɢɧɟɣɧɵɣ ɢɫɬɨɱɧɢɤ ɷɧɟɪɝɢɢ. ȼ ɬɚɤɨɦ ɫɥɭɱɚɟ ɝɪɚɧɢɱɧɵɟ 
ɭɫɥɨɜɢɹ ɢɦɟɸɬ ɜɢɞ 
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n
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ɝɞɟ qs – ɩɪɢɜɟɞɟɧɧɵɣ ɤ ɩɨɜɟɪɯɧɨɫɬɢ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ, ȼɬ/ɦ2; ε – ɢɧɬɟɝɪɚɥɶɧɚɹ ɫɬɟɩɟɧɶ ɱɟɪɧɨɬɵ 
ɩɨɜɟɪɯɧɨɫɬɢ; ı = 5,67 · 10–8 – ɩɨɫɬɨɹɧɧɚɹ ɋɬɟɮɚɧɚ–Ȼɨɥɶɰɦɚɧɚ, ȼɬ/(ɦ2 · Ʉ4); n – ɜɟɤɬɨɪ ɜɧɟɲɧɟɣ 
ɧɨɪɦɚɥɢ ɤ ɩɨɜɟɪɯɧɨɫɬɢ; TF – ɬɟɦɩɟɪɚɬɭɪɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, Ʉ. 

 
Ɂɚ ɬɟɦɩɟɪɚɬɭɪɭ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɪɢɧɢɦɚɬɶ ɬɟɦɩɟɪɚɬɭɪɭ, 

ɭɫɬɚɧɨɜɢɜɲɭɸɫɹ ɜ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɹɱɟɣɤɟ ɜ ɨɛɥɚɫɬɢ ɪɚɫɩɨɥɨɠɟɧɢɹ ɨɛɪɚɡɰɚ. ɉɪɢ ɩɪɨɜɟ-
ɞɟɧɢɢ ɢɡɦɟɪɟɧɢɣ ɷɬɚ ɬɟɦɩɟɪɚɬɭɪɚ ɜɚɪɶɢɪɭɟɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ ɷɤɫɩɟɪɢ-
ɦɟɧɬɚ, ɨɞɧɚɤɨ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɫɱɢɬɵɜɚɧɢɟ ɫɢɝɧɚɥɚ ɩɪɨɢɫɯɨɞɢɬ ɩɨɫɥɟ ɭɫɬɚɧɨɜɥɟɧɢɹ 
ɢɡɨɬɟɪɦɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ ɩɪɢ ɡɚɞɚɧɧɨɣ ɮɨɧɨɜɨɣ ɬɟɦɩɟɪɚɬɭɪɟ.  

ɉɟɪɟɞ ɩɪɨɜɟɞɟɧɢɟɦ ɢɡɦɟɪɟɧɢɣ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɨɛɪɚɡɰɚ ɧɚɧɨɫɢɥɢ ɝɪɚɮɢɬɨɜɨɟ ɩɨ-
ɤɪɵɬɢɟ. ȼ ɬɚɤɨɦ ɫɥɭɱɚɟ ɦɨɠɧɨ ɩɪɟɧɟɛɪɟɱɶ ɜɨɡɧɢɤɚɸɳɢɦɢ ɦɢɤɪɨɧɟɪɨɜɧɨɫɬɹɦɢ ɧɚ ɩɨ-
ɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɚ, ɲɟɪɨɯɨɜɚɬɨɫɬɶɸ ɧɚɧɟɫɟɧɧɨɝɨ ɫɥɨɹ ɝɪɚɮɢɬɚ (ɨɛɪɚɡɨɜɚɜɲɟɣɫɹ ɜ ɩɪɨ-
ɰɟɫɫɟ ɟɝɨ ɨɫɚɠɞɟɧɢɹ) ɢ ɩɪɢɧɹɬɶ ɡɧɚɱɟɧɢɟ ɢɧɬɟɝɪɚɥɶɧɨɣ ɫɬɟɩɟɧɢ ɱɟɪɧɨɬɵ ɜ ɞɢɚɩɚɡɨɧɟ 
0,95–0,98. 

Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɨɜɨɞɢɥɢ ɜ ɩɪɨɝɪɚɦɦɧɨɦ ɤɨɦɩɥɟɤɫɟ Comsol 
Myltiphysics Д1λЖ, ɤɨɬɨɪɵɣ ɩɨɡɜɨɥɹɟɬ ɪɟɲɚɬɶ ɦɭɥɶɬɢɮɢɡɢɱɟɫɤɢɟ ɡɚɞɚɱɢ ɪɚɡɥɢɱɧɨɝɨ 
ɤɥɚɫɫɚ ɜ ɨɞɧɨ-, ɞɜɭɯ- ɢɥɢ ɬɪɟɯɦɟɪɧɨɣ ɩɨɫɬɚɧɨɜɤɟ.  

Ⱦɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɬɟɩɥɨɩɟɪɟɧɨɫɚ ɜ ɨɛɪɚɡɰɟ ɩɪɢ ɟɝɨ ɢɫɩɵɬɚɧɢɹɯ ɰɟɥɟɫɨɨɛɪɚɡɧɨ 
ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɞɜɭɯɦɟɪɧɭɸ ɩɨɫɬɚɧɨɜɤɭ ɡɚɞɚɱɢ. ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ ɬɨɥɳɢɧɚ ɨɛɪɚɡɰɚ 
ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɟ ɟɝɨ ɯɚɪɚɤɬɟɪɧɨɝɨ ɪɚɡɦɟɪɚ, ɤɪɨɦɟ ɬɨɝɨ, ɤɚɤ ɩɪɚɜɢɥɨ, ɨɛɪɚɡɰɵ ɹɜɥɹ-
ɸɬɫɹ ɫɢɦɦɟɬɪɢɱɧɵɦɢ ɢɥɢ ɨɫɟɫɢɦɦɟɬɪɢɱɧɵɦɢ. Ƚɟɨɦɟɬɪɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɢ ɤɨɧɟɱɧɨ-
ɷɥɟɦɟɧɬɧɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɡɚɞɚɱɢ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 1. Ⱦɥɹ ɩɨɫɬɪɨɟ-
ɧɢɹ ɤɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɨɣ ɫɟɬɤɢ ɢɫɩɨɥɶɡɨɜɚɧɵ 1γ10 ɬɪɟɭɝɨɥɶɧɵɯ ɬɪɟɯɭɡɥɨɜɵɯ ɥɢɧɟɣɧɵɯ 
ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ (ɤɨɥɢɱɟɫɬɜɨ ɭɡɥɨɜ ɫɨɫɬɚɜɢɥɨ β741). ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɞɥɹ ɡɚ-
ɤɪɟɩɥɟɧɢɹ ɨɛɪɚɡɰɚ ɢɫɩɨɥɶɡɭɸɬɫɹ ɩɪɨɛɨɞɟɪɠɚɬɟɥɢ ɪɚɡɥɢɱɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ, ɡɚɬɟɧɹɸɳɢɟ 
ɨɛɥɚɫɬɶ ɮɪɨɧɬɚɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɚ. ȼ ɧɚɢɛɨɥɟɟ ɧɟɛɥɚɝɨɩɪɢɹɬɧɨɦ ɫɥɭɱɚɟ ɬɚɤɨɟ 
ɡɚɬɟɧɟɧɢɟ ɢɦɟɟɬ ɩɟɪɢɮɟɪɢɣɧɵɣ (ɤɨɥɶɰɟɨɛɪɚɡɧɵɣ) ɯɚɪɚɤɬɟɪ. ɉɨɷɬɨɦɭ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɤɨɧɫɬɪɭɤɰɢɢ ɩɪɨɛɨɞɟɪɠɚɬɟɥɹ ɧɟɨɛɯɨɞɢɦɨ ɩɨɞɨɛɪɚɬɶ ɧɚɛɨɪ ɥɢɧɡ ɞɥɹ ɨɩɬɢɱɟɫɤɨɣ  
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ɫɢɫɬɟɦɵ, ɮɨɤɭɫɢɪɭɸɳɟɣ ɥɭɱ ɥɚɡɟɪɚ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɦɚɤɫɢɦɚɥɶɧɨ ɨɫɜɟɳɚɬɶ  
ɩɨɜɟɪɯɧɨɫɬɶ ɨɛɪɚɡɰɚ, ɧɟ ɡɚɞɟɜɚɹ ɩɪɢ ɷɬɨɦ ɩɪɨɛɨɞɟɪɠɚɬɟɥɶ. 
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Ɋɢɫ. 1. ɋɯɟɦɚ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɡɚɞɚɱɢ (ɚ) ɢ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɤɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɨɝɨ ɪɚɡɛɢɟɧɢɹ 

ɨɛɥɚɫɬɢ (ɛ) 
 

Ɋɟɡɭɥɶɬɚɬɵ ɢ ɨɛɫɭɠɞɟɧɢɟ 
Ⱦɥɹ ɜɵɹɜɥɟɧɢɹ ɨɩɬɢɦɚɥɶɧɨɣ ɬɨɥɳɢɧɵ ɨɛɪɚɡɰɚ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɫɬɢ ɜɚɪɶɢɪɨɜɚ-

ɧɢɟ ɬɨɥɳɢɧɵ ɢ ɯɚɪɚɤɬɟɪɧɨɝɨ ɪɚɡɦɟɪɚ ɨɛɪɚɡɰɚ. ɂɫɤɥɸɱɚɹ ɝɟɨɦɟɬɪɢɱɟɫɤɢ ɩɨɞɨɛɧɵɟ 
ɤɨɧɮɢɝɭɪɚɰɢɢ ɨɛɪɚɡɰɚ, ɜ ɤɨɬɨɪɵɯ ɬɟɩɥɨɩɟɪɟɧɨɫ ɩɪɨɢɫɯɨɞɢɬ ɨɞɢɧɚɤɨɜɨ (ɫ ɭɱɟɬɨɦ ɫɞɟ-
ɥɚɧɧɵɯ ɪɚɧɟɟ ɞɨɩɭɳɟɧɢɣ), ɨɫɬɚɧɨɜɢɦɫɹ ɧɚ ɨɞɧɨɦ ɯɚɪɚɤɬɟɪɧɨɦ ɪɚɡɦɟɪɟ ɢ ɧɟɫɤɨɥɶɤɢɯ 
ɡɧɚɱɟɧɢɹɯ ɬɨɥɳɢɧɵ. ɐɟɥɟɫɨɨɛɪɚɡɧɨ ɜɜɟɫɬɢ ɧɟɤɨɬɨɪɵɣ ɩɚɪɚɦɟɬɪ ɨɛɪɚɡɰɚ r, ɹɜɥɹɸɳɢɣɫɹ 
ɨɬɧɨɲɟɧɢɟɦ ɬɨɥɳɢɧɵ ɨɛɪɚɡɰɚ ɤ ɟɝɨ ɯɚɪɚɤɬɟɪɧɨɦɭ ɪɚɡɦɟɪɭ:  

,
L

h
r   

ɝɞɟ L – ɯɚɪɚɤɬɟɪɧɵɣ ɪɚɡɦɟɪ ɨɛɪɚɡɰɚ, ɦ; h – ɬɨɥɳɢɧɚ ɨɛɪɚɡɰɚ, ɦ.  
 
Ɉɫɬɚɧɨɜɢɦɫɹ ɧɚ ɫɥɟɞɭɸɳɟɦ ɧɚɛɨɪɟ ɡɧɚɱɟɧɢɣ ɩɚɪɚɦɟɬɪɚ r: 0,1; 0,β; 0,γ; 0,4. 

Ɇɟɧɶɲɢɟ ɢ ɛɨ ɥɶɲɢɟ ɡɧɚɱɟɧɢɹ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɧɟɰɟɥɟɫɨɨɛɪɚɡɧɨ ɜ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɬɟɦɩɟ-
ɪɚɬɭɪɧɨɟ ɩɨɥɟ ɫɬɚɧɨɜɢɬɫɹ ɥɢɛɨ ɩɪɚɤɬɢɱɟɫɤɢ ɨɞɧɨɦɟɪɧɵɦ, ɥɢɛɨ ɡɧɚɱɢɬɟɥɶɧɨ ɢɫɤɪɢɜ-
ɥɟɧɧɵɦ. 

Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɨɜɨɞɢɥɢ ɞɥɹ ɫɥɭɱɚɹ ɢɦɩɭɥɶɫɧɨɝɨ ɧɚɝɪɟɜɚ ɮɪɨɧɬɚɥɶɧɨɣ ɩɨ-
ɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɚ, ɩɪɢ ɷɬɨɦ ɢɦɟɥɢ ɦɟɫɬɨ ɬɟɩɥɨɩɟɪɟɧɨɫ ɜɧɭɬɪɢ ɦɚɬɟɪɢɚɥɚ ɢ ɪɚɞɢɚɰɢ-
ɨɧɧɵɣ ɬɟɩɥɨɨɛɦɟɧ ɜɫɟɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɨɛɪɚɡɰɚ ɫ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɨɣ. ɉɟɪɟɞ ɩɨɞɚɱɟɣ 
ɢɦɩɭɥɶɫɚ ɨɛɪɚɡɟɰ ɜɵɞɟɪɠɢɜɚɥɢ ɜ ɢɡɨɬɟɪɦɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ ɜ ɬɟɱɟɧɢɟ 1000 ɦɫ, ɩɨɫɥɟ 
ɱɟɝɨ ɮɪɨɧɬɚɥɶɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ ɨɛɥɭɱɚɥɢ ɬɟɩɥɨɜɵɦ ɩɨɬɨɤɨɦ, ɡɚɞɚɜɚɟɦɵɦ ɜ ɜɢɞɟ ɩɪɹ-
ɦɨɭɝɨɥɶɧɨɝɨ ɢɦɩɭɥɶɫɚ ɞɥɢɬɟɥɶɧɨɫɬɶɸ 0,5 ɦɫ. Ɍɟɩɥɨɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɢɫɫɥɟɞɭɟɦɨɝɨ 
ɦɚɬɟɪɢɚɥɚ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ β0 °ɋ: 



ʰ̭п̼та̛̦́ ̥ате̛̬ало̏ 

 

 

 136                     АȐиаȤиȜțțые Țатериаșы и теȣțȜșȜȑии / Aviation materials and technologies   2 (67)  2022 

 

Ɍɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ (X/Y/Z), ȼɬ/(ɦ·Ʉ) 2/0,4/2 
ɍɞɟɥɶɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ, Ⱦɠ/(ɤɝ·Ʉ) 900 
ɉɥɨɬɧɨɫɬɶ, ɤɝ/ɦ3 1500 

 
Ɂɧɚɱɟɧɢɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɩɪɢɜɟɞɟɧɵ ɫ ɭɱɟɬɨɦ ɚɧɢɡɨɬɪɨɩɢɢ ɩɨ ɧɚɩɪɚɜɥɟɧɢɹɦ, 

ɭɤɚɡɚɧɧɵɦ ɧɚ ɪɢɫ. 1. ɉɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɩɪɢɧɢɦɚɥɫɹ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɣ ɩɪɢ 
ɩɪɨɜɟɞɟɧɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɯɚɪɚɤɬɟɪɧɵɣ ɪɚɡɦɟɪ ɨɛɪɚɡɰɚ, ɪɚɜɧɵɣ 10 ɦɦ. 

Ɂɚɜɢɫɢɦɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪ ɜ ɬɨɱɤɚɯ 1, 2 ɢ 3 ɬɵɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɚ (ɪɢɫ. 1) 
ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. β. Ɇɨɠɧɨ ɡɚɦɟɬɢɬɶ ɯɚɪɚɤɬɟɪɧɭɸ ɞɥɹ ɢɦɩɭɥɶɫɧɨɝɨ ɦɟɬɨɞɚ ɮɨɪɦɭ 
ɩɨɞɴɟɦɚ ɬɟɦɩɟɪɚɬɭɪɵ. Ⱦɥɹ ɭɞɨɛɫɬɜɚ ɚɧɚɥɢɡɚ ɩɨɥɭɱɟɧɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɩɪɨɜɟɞɟɧɨ ɧɨɪ-
ɦɢɪɨɜɚɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨ ɧɚɢɛɨɥɶɲɟɦɭ ɡɧɚɱɟɧɢɸ ɞɥɹ ɫɥɭɱɚɹ r = 0,1. Ɂɧɚɱɟɧɢɹ ɜɪɟɦɟ-
ɧɢ ɫɱɢɬɵɜɚɧɢɹ, ɩɪɢ ɤɨɬɨɪɵɯ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɰɟɧɬɪɚɥɶɧɨɣ ɨɛɥɚɫɬɢ ɨɛɪɚɡɰɚ ɞɨɫɬɢɝɚɸɬ 
ɫɜɨɟɝɨ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ, ɞɥɹ ɫɥɭɱɚɟɜ r = 0,1–0,4 ɫɨɫɬɚɜɥɹɸɬ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 
γ4κ0, 11λ00, βγκ00 ɢ 41λ00 ɦɫ. ɗɬɨ ɜɪɟɦɹ ɧɟɥɢɧɟɣɧɨ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ 
ɡɧɚɱɟɧɢɹ r. 

 

13000 19000

0,8

0,6

0

0,4

ȼɪɟɦɹ ɫɱɢɬɵɜɚɧɢɹ, ɦɫ
7000

ɇ
ɨɪ
ɦɢ

ɪɨ
ɜɚ
ɧɧ
ɚɹ
 ɬ
ɟɦ
ɩɟ
ɪɚ
ɬɭ
ɪɚ

1000

0,2

ɛ)

5000 7000

1,2

0,8

0

0,4

ȼɪɟɦɹ ɫɱɢɬɵɜɚɧɢɹ, ɦɫ
3000

ɇ
ɨɪ
ɦɢ

ɪɨ
ɜɚ
ɧɧ
ɚɹ
 ɬ
ɟɦ
ɩɟ
ɪɚ
ɬɭ
ɪɚ

1000

ɚ)

29000 43000

0,4

0,3

0

0,2

ȼɪɟɦɹ ɫɱɢɬɵɜɚɧɢɹ, ɦɫ
15000

ɇ
ɨɪ
ɦɢ

ɪɨ
ɜɚ
ɧɧ
ɚɹ
 ɬ
ɟɦ
ɩɟ
ɪɚ
ɬɭ
ɪɚ

1000

0,1

ɝ)

15000 29000

0,6

0

0,4

ȼɪɟɦɹ ɫɱɢɬɵɜɚɧɢɹ, ɦɫ
8000

ɇ
ɨɪ
ɦɢ

ɪɨ
ɜɚ
ɧɧ
ɚɹ
 ɬ
ɟɦ
ɩɟ
ɪɚ
ɬɭ
ɪɚ

1000

0,2

ɜ)

 
Ɋɢɫ. β. Ɂɚɜɢɫɢɦɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪ ɧɚ ɬɵɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɚ ɜ ɬɨɱɤɚɯ 1 (──),  

2 (─  ─) ɢ 3 (- - -) ɨɬ ɜɪɟɦɟɧɢ ɫɱɢɬɵɜɚɧɢɹ ɩɪɢ ɡɧɚɱɟɧɢɹɯ ɩɚɪɚɦɟɬɪɚ r: 0,1 (ɚ); 0,2 (ɛ); 0,3 (ɜ) ɢ 0,4 (ɝ) 
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Ɂɚɜɢɫɢɦɨɫɬɢ ɪɚɡɧɨɫɬɢ ɦɟɠɞɭ ɦɚɤɫɢɦɚɥɶɧɵɦ ɢ ɦɢɧɢɦɚɥɶɧɵɦ ɡɧɚɱɟɧɢɹɦɢ ɬɟɦ-
ɩɟɪɚɬɭɪ ɧɚ ɬɵɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɨɬ ɜɪɟɦɟɧɢ ɫɱɢɬɵɜɚɧɢɹ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɤɨɧɮɢɝɭɪɚɰɢ-
ɹɯ ɨɛɪɚɡɰɨɜ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. γ. Ɂɚɜɢɫɢɦɨɫɬɢ ɬɚɤɠɟ ɧɨɪɦɢɪɨɜɚɧɵ ɩɨ ɦɚɤɫɢɦɚɥɶɧɨɦɭ 
ɡɧɚɱɟɧɢɸ ɞɥɹ ɫɥɭɱɚɹ r = 0,1. Ɇɨɠɧɨ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɡɧɚɱɟɧɢɹ r ɪɚɡɧɨɫɬɶ 
ɬɟɦɩɟɪɚɬɭɪ ɡɧɚɱɢɬɟɥɶɧɨ ɫɧɢɠɚɟɬɫɹ. Ɍɟɦɩɟɪɚɬɭɪɧɨɟ ɩɨɥɟ ɩɨ ɬɵɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛ-
ɪɚɡɰɚ ɫɬɚɧɨɜɢɬɫɹ ɛɨɥɟɟ ɪɚɜɧɨɦɟɪɧɵɦ, ɩɪɢɛɥɢɠɚɹɫɶ ɩɨ ɫɜɨɟɦɭ ɡɧɚɱɟɧɢɸ ɤ ɫɪɟɞɧɟɢɧɬɟ-
ɝɪɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜɪɟɦɹ ɞɨɫɬɢɠɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨɣ ɪɚɡɧɨ-
ɫɬɢ ɬɟɦɩɟɪɚɬɭɪ ɫɨɫɬɚɜɥɹɟɬ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 1λ60, γ760, 55β0, γ7κ00 ɦɫ ɩɪɢ ɡɧɚɱɟɧɢɹɯ r 
ɨɬ 0,1 ɞɨ 0,4. Ȼɨɥɟɟ ɞɥɢɬɟɥɶɧɨɟ ɜɪɟɦɹ ɫɱɢɬɵɜɚɧɢɹ ɩɪɢɛɨɪɨɦ ɬɟɦɩɟɪɚɬɭɪɵ ɜɟɞɟɬ ɤ 
ɧɚɤɨɩɥɟɧɢɸ ɲɭɦɨɜ ɧɚ ɫɢɝɧɚɥɟ. Ʉɪɨɦɟ ɬɨɝɨ, ɩɪɢ ɞɥɢɬɟɥɶɧɨɦ ɫɱɢɬɵɜɚɧɢɢ ɧɚɪɭɲɚɟɬɫɹ 
ɥɢɧɟɣɧɚɹ ɫɬɚɛɢɥɶɧɨɫɬɶ ɛɚɡɨɜɨɣ ɥɢɧɢɢ, ɢɡɦɟɪɹɟɦɨɣ ɩɟɪɟɞ ɨɫɭɳɟɫɬɜɥɟɧɢɟɦ ɜɵɫɬɪɟɥɚ 
ɥɚɡɟɪɨɦ. ɗɬɨ ɜ ɪɹɞɟ ɫɥɭɱɚɟɜ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɧɟɜɨɡɦɨɠɧɨɫɬɢ ɨɛɪɚɛɨɬɚɬɶ ɩɨɥɭɱɟɧɧɵɣ 
ɫɢɝɧɚɥ ɫ ɩɨɦɨɳɶɸ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ. ɇɚɪɹɞɭ ɫ ɷɬɢɦ ɡɧɚɱɢɬɟɥɶɧɨ ɭɜɟɥɢɱɢɜɚɟɬɫɹ 
ɜɪɟɦɹ ɩɪɨɜɟɞɟɧɢɹ ɢɡɦɟɪɟɧɢɣ, ɫɜɹɡɚɧɧɨɟ ɤɚɤ ɫ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɫɱɢɬɵɜɚɧɢɟɦ ɫɢɝɧɚɥɚ, 
ɬɚɤ ɢ ɫ ɨɬɛɪɚɤɨɜɤɨɣ ɧɟɜɟɪɧɨ ɨɛɪɚɛɨɬɚɧɧɵɯ ɫɢɝɧɚɥɨɜ (ɤɨɥɢɱɟɫɬɜɨ ɤɨɬɨɪɵɯ ɡɧɚɱɢɬɟɥɶɧɨ 
ɜɨɡɪɚɫɬɚɟɬ ɩɪɢ ɛɨ ɥɶɲɢɯ ɡɧɚɱɟɧɢɹɯ ɩɚɪɚɦɟɬɪɚ r).  
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Ɋɢɫ. γ. Ɂɚɜɢɫɢɦɨɫɬɢ ɦɚɤɫɢɦɚɥɶɧɨɣ ɪɚɡɧɢɰɵ ɬɟɦɩɟɪɚɬɭɪ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɚ ɨɬ ɜɪɟɦɟɧɢ 

ɫɱɢɬɵɜɚɧɢɹ ɩɪɢ ɡɧɚɱɟɧɢɹɯ ɩɚɪɚɦɟɬɪɚ r: 0,1 (ɚ); 0,2 (ɛ); 0,3 (ɜ) ɢ 0,4 (ɝ) 
 
ɇɚ ɪɢɫ. 4 ɢɡɨɛɪɚɠɟɧɵ ɢɡɨɬɟɪɦɢɱɟɫɤɢɟ ɥɢɧɢɢ ɜ ɨɛɪɚɡɰɟ ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ, ɩɪɢ 

ɤɨɬɨɪɨɦ ɧɚɛɥɸɞɚɟɬɫɹ ɧɚɢɛɨɥɶɲɚɹ ɪɚɡɧɢɰɚ ɬɟɦɩɟɪɚɬɭɪ ɩɨ ɩɥɨɳɚɞɢ ɬɵɥɶɧɨɣ ɩɨɜɟɪɯɧɨ-
ɫɬɢ ɨɛɪɚɡɰɚ ɞɥɹ ɡɧɚɱɟɧɢɣ ɩɚɪɚɦɟɬɪɚ r ɨɬ 0,1 ɞɨ 0,4. ɉɨɫɤɨɥɶɤɭ ɪɟɲɚɟɦɚɹ ɡɚɞɚɱɚ ɫɢɦ-
ɦɟɬɪɢɱɧɚ, ɩɪɢɜɟɞɟɧɵ ɩɨɥɨɜɢɧɵ ɫɟɱɟɧɢɣ, ɩɪɨɯɨɞɹɳɢɯ ɱɟɪɟɡ ɨɫɶ ɫɢɦɦɟɬɪɢɢ ɨɛɪɚɡɰɚ. 
Ɇɨɠɧɨ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɤɚɪɬɢɧɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɩɨɥɟɣ ɩɨɞɬɜɟɪɠɞɚɟɬ ɫɞɟ-
ɥɚɧɧɵɟ ɪɚɧɟɟ ɜɵɜɨɞɵ. Ʉɪɨɦɟ ɬɨɝɨ, ɩɪɢ ɡɧɚɱɢɬɟɥɶɧɵɯ ɡɧɚɱɟɧɢɹɯ ɩɚɪɚɦɟɬɪɚ r ɧɚɛɥɸɞɚ-
ɟɬɫɹ ɨɛɪɚɬɧɵɣ ɯɨɞ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɮɪɨɧɬɚ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɧɟɜɟɪɧɵɦ ɪɟɡɭɥɶɬɚɬɚɦ ɢɡ-
ɦɟɪɟɧɢɣ (ɩɟɪɟɝɪɟɜ ɰɟɧɬɪɚɥɶɧɨɣ ɨɛɥɚɫɬɢ, ɪɢɫ. 4, ɝ). ɗɬɨɦɭ ɫɩɨɫɨɛɫɬɜɭɸɬ ɚɧɢɡɨɬɪɨɩɢɹ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ ɜ ɩɥɨɫɤɨɫɬɢ ɨɛɪɚɡɰɚ ɢ ɜ ɩɨɩɟɪɟɱɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ, ɧɢɡɤɚɹ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɜ ɩɨɩɟɪɟɱɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ (ɯɚɪɚɤɬɟɪɧɚɹ ɞɥɹ ɞɜɭɯɦɟɪɧɨ ɚɪɦɢɪɨɜɚɧ-
ɧɵɯ ɉɄɆ ɧɚ ɨɫɧɨɜɟ ɬɤɚɧɟɣ ɢ ɠɝɭɬɨɜ), ɚ ɬɚɤɠɟ ɨɫɬɵɜɚɧɢɟ ɨɛɪɚɡɰɚ ɱɟɪɟɡ ɛɨɤɨɜɵɟ  
ɢ ɮɪɨɧɬɚɥɶɧɭɸ ɫɬɨɪɨɧɵ ɩɨɫɥɟ ɩɨɞɚɱɢ ɢɦɩɭɥɶɫɚ. 
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Ɋɢɫ. 4. ɂɡɨɬɟɪɦɢɱɟɫɤɢɟ ɥɢɧɢɢ ɜ ɨɛɪɚɡɰɟ ɜ ɦɨɦɟɧɬ ɧɚɢɛɨɥɶɲɟɣ ɪɚɡɧɢɰɵ ɬɟɦɩɟɪɚɬɭɪ  
ɧɚ ɟɝɨ ɩɨɜɟɪɯɧɨɫɬɢ ɩɪɢ ɡɧɚɱɟɧɢɹɯ ɩɚɪɚɦɟɬɪɚ r: 0,1 (ɚ); 0,2 (ɛ); 0,3 (ɜ) ɢ 0,4 (ɝ) 

 
Ɂɚɤɥɸɱɟɧɢɹ 

ɉɪɟɞɥɨɠɟɧɚ ɮɢɡɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɬɟɩɥɨɩɟɪɟɧɨɫɚ ɜ ɨɛɪɚɡɰɟ ɢɡ ɉɄɆ ɧɚ ɨɫɧɨɜɟ ɭɝ-
ɥɟɪɨɞɧɨɣ ɪɚɜɧɨɩɪɨɱɧɨɣ ɬɤɚɧɢ ɢ ɷɩɨɤɫɢɞɧɨɝɨ ɫɜɹɡɭɸɳɟɝɨ ɩɪɢ ɢɡɦɟɪɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɨ-
ɩɪɨɜɨɞɧɨɫɬɢ ɦɟɬɨɞɨɦ ɥɚɡɟɪɧɨɣ ɜɫɩɵɲɤɢ. ɇɚ ɨɫɧɨɜɟ ɮɢɡɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɩɨɫɬɪɨɟɧɚ ɦɚ-
ɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɬɟɩɥɨɩɟɪɟɧɨɫɚ, ɭɱɢɬɵɜɚɸɳɚɹ ɜɫɟ ɨɫɧɨɜɧɵɟ ɩɪɨɰɟɫɫɵ, ɩɪɨɢɫɯɨ-
ɞɹɳɢɟ ɜ ɨɛɪɚɡɰɟ ɢ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɹɱɟɣɤɟ. 

ɉɪɨɜɟɞɟɧɨ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɬɟɩɥɨɩɟɪɟɧɨɫɚ ɜ ɨɛɪɚɡɰɟ ɢɡɨɬɪɨɩɧɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɩɪɢ 
ɷɬɨɦ ɢɡɦɟɧɹɥɨɫɶ ɫɨɨɬɧɨɲɟɧɢɟ ɯɚɪɚɤɬɟɪɧɨɝɨ ɪɚɡɦɟɪɚ ɨɛɪɚɡɰɚ ɤ ɟɝɨ ɬɨɥɳɢɧɟ. ɉɨɫɬɪɨɟɧɵ 
ɡɚɜɢɫɢɦɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪ ɜ ɤɨɧɬɪɨɥɶɧɵɯ ɬɨɱɤɚɯ ɧɚ ɬɵɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɨɜ, ɚ 
ɬɚɤɠɟ ɪɚɡɧɨɫɬɟɣ ɦɟɠɞɭ ɦɚɤɫɢɦɚɥɶɧɵɦ ɢ ɦɢɧɢɦɚɥɶɧɵɦ ɡɧɚɱɟɧɢɹɦɢ ɬɟɦɩɟɪɚɬɭɪ. Ɉɩɪɟ-
ɞɟɥɟɧ ɯɚɪɚɤɬɟɪ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ ɜɧɭɬɪɢ ɨɛɪɚɡɰɨɜ. 

ȼɵɹɜɥɟɧɨ, ɱɬɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɬɨɥɳɢɧɵ ɨɛɪɚɡɰɚ ɜɵɪɚɜɧɢɜɚɟɬɫɹ ɬɟɦɩɟɪɚɬɭɪɧɨɟ 
ɩɨɥɟ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ, ɩɪɢ ɷɬɨɦ ɫɧɢɠɚɟɬɫɹ ɪɚɡɧɨɫɬɶ ɦɟɠɞɭ ɦɚɤɫɢɦɚɥɶɧɵɦ ɢ ɦɢɧɢɦɚɥɶ-
ɧɵɦ ɡɧɚɱɟɧɢɹɦɢ ɬɟɦɩɟɪɚɬɭɪ ɧɚ ɬɵɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ. ɇɚɪɹɞɭ ɫ ɷɬɢɦ ɧɟɥɢɧɟɣɧɨ ɭɜɟɥɢ-
ɱɢɜɚɟɬɫɹ ɜɪɟɦɹ ɞɨɫɬɢɠɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɨɣ ɬɵɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɫɜɨɟɝɨ ɦɚɤɫɢɦɚɥɶɧɨɝɨ 
ɡɧɚɱɟɧɢɹ. Ɉɞɧɚɤɨ ɷɬɨ ɩɪɢɜɨɞɢɬ ɤ ɧɚɤɨɩɥɟɧɢɸ ɲɭɦɨɜ ɧɚ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɢ 
ɧɟɜɨɡɦɨɠɧɨɫɬɢ ɨɛɪɚɛɨɬɚɬɶ ɫɢɝɧɚɥ. 

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɞɥɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɭɝɥɟɩɥɚɫɬɢɤɚ ɡɧɚɱɟɧɢɟ ɨɩɬɢɦɚɥɶɧɨɣ 
ɬɨɥɳɢɧɵ ɨɛɪɚɡɰɚ ɧɚɯɨɞɢɬɫɹ ɜ ɞɢɚɩɚɡɨɧɟ ɩɚɪɚɦɟɬɪɚ r ɨɬ 0,1 ɞɨ 0,β. Ȼɨ ɥɶɲɢɟ ɬɨɥɳɢɧɵ 
ɜɟɞɭɬ ɤ ɡɧɚɱɢɬɟɥɶɧɨɦɭ ɧɚɤɨɩɥɟɧɢɸ ɲɭɦɨɜ, ɦɟɧɶɲɢɟ – ɤ ɩɨɬɟɪɟ ɨɛɪɚɡɰɨɦ ɫɬɪɭɤɬɭɪɵ 
ɢɫɫɥɟɞɭɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ. 
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